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ABSTRACT

An automated procedure for determining warping and torsional stresses

in open steel members was developed by Joseph Palacak, Jr. in 1985. His

FORTRAN program, called "TORSION", determined stresses in wide flange,

channel, and single angle members under various longitudinal'bending and

torsional loadings.

In order to validate the "TORSION' program, twelve test cases ,,ere run

and compared to the same cases analyzed using a commonly used manual

technique. For this manual technique, the Torsional Anaiysis Case Charts

developed by Bethlehem Steel were used to compute warping alrd torsional

stresses. Tables comparing the calculated stresses by the "TORSION"

program and the torsion tables were developed.

In addition, stress values from the hand-calculated problems were

compared to values from GTSTRUDL output. Comparison tables between

GTSTRUDL and the hand-calculated values are also presented.
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Chapter One

INTRODUCTION

1.1 Purpose and Objectives

The purpose of this report is to validate a FORTRAN based computer

program that analyzes warping and torsion in open steel members. The

objective is to verify the program "TORSION" by comparing the program's

output with hand-calculations that were derived using an acceptablq and

proven method of torsional and warping stress analysis. The primary

requirement to 'complete the hand-calculations was to determine the

torsional rotational angle, 9, and its derivatives, 9', #" and '

These values were determined by using the Torsional Analysis Case Charts

developed by Bethlehem Steel.

1.2 Scope

In order to validate the torsional and warping stress analysis

program, "TORSION", test problems were used that contained t1e same

parameter limits that "TORSION" had. These limits included the types of

open steel members, the types of torsional and plane bending (oads app-ied

to the member, and the end conditions of the member. "TORSION" a nvavzed

three types of open steel members: (1) wide flange sections, (2) channel:

and (3) single angles. The end condition parameter included any

combination of fixed, pinned or free end conditions. The "TORSION" member

load parameter included both uniformly distributed and concentrated Pla-e

bending and torsional loads. The Bethlehem Steel Torsional Analysis Case

Charts also included the member load parameter of a linearly varying

distributed torque, which was not a load parameter of "TORSION".



1.3 Background

Open steel members are subjected to plane bending stresses, torsional

and warping stresses or a combination of both. Under plane bending, a

member's cross section is subjected to (1) longitudinal/normal bending

stress and (2) shear stress.

The normal bending stress ( 9 6 ) is determi ned by the formul a:

= M / S (Eq. 1.1)

where M = bending moment acting on the member's

cross section (k-in )

S =.section modulus of the member (in.3)

The shear stress ( (b ) on the member's cross section is determined by

the formula:

Tb = V Q / I t (Equ. 1.2)

where V = shear force acting on the member's

cross section (k)

= The statical moment about the cross section's neutral axis

of the cross-sectional area between the free ends and a

plane cutting the cross section at a specified point (in.3)

I = moment of inertia of the member (in.4)

t = thickness of the member's web or flange (in.)

Figure 1 illustrates the plane bending and shear stresses in an open

steel cross-section.
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"(a) :Bending Stresses (Cfb)

"Flange

d4•

• ..4-

Web

(b) Shear' Stresses (T)

Figure 1. PLANE BENDING STRESSES
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Open steel members that are under torsional loadings are subjected to

(1) pure torsional shear stresses, (2) warping normal stresses and (3)

warping shear 'stresses. The torsional moment of resistance of an open

steel member is a combination of St. Venant's torsional moment for an

unrestrained cross-section and warping torsional moment of a restrained

cross-section.

The pure torsional shear stress ( ' ) is determined by the formula:

t G t (Equ . 1.'

where G = shear modulus of the member (ksi)

t = thickness of the member's flange or web (in.)

first derivative of the member's torsional angle

of rotation

The warping normal stress ( r.•) is determined by the formula:

= E Wns I" {Equ. 1.4)

where E = modulus of elasticity of member (ksi)

Wns = normalized warping function on the member's

cross section (in.2)

Oft = second derivative of the member's torsional

angle of rotation

4



The warping shear stress (s is determi ned -v the fc-m'lpa

,S = ( -E 1 0s''"' /.

where E = modulus of elasticity of member (Qsi

Sws = warping statical moment: on the member's

cross section 1in.4)

t = thickness of member's flange or ,Veb

.''' .third derivative of member's tU rsiorna•

angle of rotation

Figure 2 illustrates the torsional and warping stre<ss s ir a cn-

steel member cross-section. t -

The end conditions used in the torsi onal and warpin', s z'ear a a• .

include fixed, pinned and free end conditions. in the '!x& esd ccnj ;n- -

all rotation and warping of the member's flanges or web is prohibited, end

is similar to the fixed end condition used in plane ben ing. in ht.e pi ned

end condition, the member's end is aliowed to freely warp. .ever.n, r7•:e

the pinned end condition used in plane bending, the tcrs'onal pinned end

condition does not allow the member to rotate. in the free end condi!'on,

the member's end is allowed to rotate and warp freely.



(a) Warping Normal Stress (•J

L

(b) Torsiona! Shear Stress (T:)

(c) Warping Shiear Stress ,

Figure 2. TORSIONAL AND WARPING STRESSES



Chapter Two

DEVELOPMENT OF HAND-CALCULATED TEST PROBLEMS

2.1 General

Twelve test problems were used to validate t.. T •S . rgraP .

These twelve problems were analyzed for plane bending stresses as ,.'ei

the torsional and warping stresses. H'and-cal ci at' o S ,.,er e 2 r o t t,

first determining the values of the rotation angles and ther deri ve

through the Bethlehem Steel Torsional Analysis Case Charts. After these

values were d-'ermined, the various st-esses w were calculat•e cs r~c

Equations 1.1 through 1.5.

The twelve test problems used were a- follows:

Problem No. Beam Selected End Conditios

I W14x109 Fixed-Free

2 W14x159 Pinned-Fixed

3 W12x79 Pinned-Pinned

4 W14x90 Fixed-Fixed

5 W8x15 Fixed-Free

6 W1Ox49 Fixed-Free

7 W6x15 Fixed-Free

8 W8x67 Fixed-Free

9 ClOx20 Fixed-Free

10 C12x30 Fixed-Free

11 C5x9 Fixed-Fire

12 MC18x42 Fixed-Free



Although "TORSION" performed torsional shear analysis on single angle

members, these member types could not be properly validated by hand due to

limitations in using the Torsional Analysis Case Charts and in the

"."TORSION" program output printout for single angle member cases. These

limitations are further discussed in later chapters.

Each test problem consisted of either a wide flange member or channel

*.member under various plane bending and/or torsional loads. The var'ous

bending and torsional stresses were calculated at several kefý ipcations

along the beam's length, as well as at various key points within the beam's

cross-section.

For each specified location along the beam's length, there were six

items that were calculated for each test problem: (i values of',, 1"

and `''', (2) plane bending stress ( O%ý ), (3) web and flange shear ;tresses

(7, and ThL ), (4) torsional shear stresses at the web and flange ( t and

"Tt# ), (5) warping normal stresses at the flange tips (Cw ), and (6)

warping shear stresses at the flange centers (•).

Hand-calculations for each problem are shown in Appendix A.

2.2 Torsional Analysis Case Charts

The Torsional Analysis Case Charts developed by Bethlehem Steel were

used to determine the values of •, •', •'' and C'' for each srobem.

Although the charts consist of twenty-six various cases with varicus

torsional load types and end conditions, thirteen of the charts were used

for the twelve test probl ems based on the sel ected loadings an"- end

conditions. The charts are based on four parameters: (!) tyle of

torsional load, (2) end conditions, (3) location along the member's 2ength

(shown in the charts as Fraction of Span Length Z/L), and (4) the ratio of

I
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the member's overall length (L) to the member's torsional constant ( a =

JECwIGJ ). This L/a ratio is the actual curved lines on each chart.

For each chart, the x-axis represents the Fraction of Span Length

(Z/L) and the y-axis represents the torsional function value that will be

used to determine the actual values of 4, 0', 0'' and 0'''. The L/a ratio

is one of the limiting factors when using the charts. Depending on the

particular chart being used, the L/a ratio chart curves are shown for L/A

values of 0.5, 1.0, 2.0, 3.0, 4.0 and 6.0. Interpolation can be performed

for an L/a value that is between two of the curves. However, there can be

no accurate interpolation for an L/a value greater than 6.0 since this is

the last curve depicted on the charts. Since "L" and "a" are both

dimensions and properties of the beam used, member length and type are

governing factors in selecting a beam whose L/a ratio is 6.0 or te.s.

Due to the L/a ratio limitation of the charts, few single angle

members could be used. Because the torsional constant "a" is so small for

single angles, these members could only have a length of a few inches in

order to remain within the L/a ratio curves on the charts.

The actual Case Charts used for the test problems are shown in

Appendix B. Listed on each Case Chart is the specific test problem(s) for

which it was used.

Z.3 Determination of Plane Bending, Torsional and Warping Stresses

The determination of plane bending stresses on the member is made by

analyzing the plane bending and shear forces acting on the member. Shear

and moment diagrams are established illustrating the magnitude of these

forces at various locations along the beam's length. Equations 1.1 and 1.2

are then used to calculate the plane bending stresses and the shear

9



stresses in the member's web and flanges. These plane bending and shear

stresses were calculated at the points on the extreme fibers of the flange

tips 'and flange/web connection. These calculation points are shown ass

points 0 and 2 on the wide-flange cross-section, and points 0, 1 and 2 on

the channel cross-sections.

The determination of torsional and warping stresses on the member is

made by analyzing each torsional load that is applied to the member. A

separate and specific Torsional Analysis Case Chart is selec"E!d for each

individual torsional load to determine the values of and

After these values are calculated for each torsional load, they are summed

up to determine the overall values at each specified location along the

member's length. These summed values of and 0'' are'then used

in Equations 1.3, 1.4 and 1.5 to calculate the torsional acd. warping

stresses in the member's flange and/or web. However, the torsional and

warping stresses were calculated at the mid-thickness of the flande tips

and flange/web connection. Unlike the plane bending stresses that were

calculated at the extreme fibers of the member's cross-section, these

torsional and warping stresses were calculated at point differed by one-

half the flange thickness. Figure 3 illustrates this offset difference.

In summing up the plane bending stresses with the torsi onal and

warping stresses, this difference between the points of calculation were

not taken into account. The -differences in the calculation points from

the cross-section's neutral axis caused by the one-half flange thickness

offset was approximately 3.9% to 10.0% for the twelve test problem beams.

By not including this offset in the stress calculation summations, some

percent differences resulted between the hand-calculated results and the

"TORSION" program results.

10
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a. Points of calculation on flange
for Plane Bending stresses.
(extreme fibers of flange)

b. Points of calculation on flange
for Torsional and Warping stresses.
(mid-thickness of flange)

Figure 3. OFFSET DIFFERENCES FOR POINTS OF
STRESS CALCULATION
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The points of calculation for the stresses in the member's web, shown

as point 3 on the cross-section, were the same for both plane bending and

torsional and warping stresses. Therefore, there were no additional

differences between the hand-calculations and the program for point 3.

The twelve test problems shown in Appendix A illustrate the unique

aspects of each case, and show how the Torsional Analysis Case Charts are

-used in combination with one another to determine the appropriate torsional

values under various torsional load conditions.

" I

12



Chapter Three

"TORSION" PROGRAM FOR STRESS ANALYSIS

3.1 General

The torsional stress analysis program "TORSION" required that input

files for each test problem to be run be established indicating the various

parameters, properties, dimensions, end conditions, locations along the

member length to be examined, load types and load magnitudes appli'ed to the

selected member.

The program al-so had three general requirements/assumptians that the

user needed to be aware of: (I) all units are in kips and inches, (2)

there is a positive upward and to the left sign convention and (3) all

loads are applied at the shear center of each member, and therefore, a non-

torsional load cannot induce torsional stresses. Due to the third

requirement/assumption, the program "TORSION" does not account for the

additional torsional load on a channel's cross-section caused by the

eccentricity between the point of load application on the cross-section's

centroid and the shear center.

The boundary conditions for "TORSION" consisted of fixed, pinned or

free end conditions or any combination thereof. Similar to the Torsional

Analysis Case Charts, the fixed condition prevented both rotation and

warping of the member's end and the pinned end condition prevented end

rotation but allowed for warping.

Prior to using the "TORSION" program, the source program file had to

be re-compiled on an IBM computer using a FORTRAN compiler that different

than that used by "TORSION's" original author.

13



3.2 Input and Output Files

An input file for "TORSION" was established for each of the twelve

test' problems. "TORSION" output files listed the various parameters,

forces, properties and dimensions for the beam selected, as well as the

sections along the member's length that were to be analyzed.

For each torsional loading, the values of ý, P', I' and 0' '' were

calculated and listed. Normal and torsional stresses at various Points of

the member's cross-section were listed for all plane bending and torsional

loadings as well as the combined bending/torsional loadings. Although the

stresses were calculated with the summation of all torsional loadings, the

values of •, i', $'' and 0''' were only listed for each individual

torsional loading, and had to be summed up by hand. '

A complete list of each input file and "TORSION" output p[intcut for

the twelve test problems are shown in Appendix C.

14



Chapter Four

COMPAR.ISON OF "TORSION" PROGRPA, AND HAND-CALCULATED STRESS RESULTS

4.1 General

Comparison tables of the various results acauired thrcuýn the

"TORSION" program and hand-cal cul ati ons were established to determi7e the

percent differences between the two analysis methods. Percent di ffererces

in both the plane bending stresses, torsional and warping r stresses were

calculated and tabulated for each test problem. Since the torsional and

warping stresses. dre directly correlated to $, '' and •' (Equations

1.3, 1.4 and 1.5), comparison tables of the torsional angle. of rotation and

its derivatives are also shown.

4.2 "TORSION"/Hand-Calculation 0, 0', 0'' .0' Comparison Tables

Tables 4.1 through 4.8 illustrate the Phi angle/derivatives comparison

for wide-flange sections. The percent differences calculated rance from 0%

to 24.56%. Although most differences are within 15%, there are random

differences that are higher.

Tables 4.9a through 4.12b illustrate the Phi angle/.derivatives

comparison for channel sections. These percent differences range from 0%

to 52.96%. Although most differences are within 15%, there are random

differences that are higher.

Since the values of •, •', '' and ' . . 'ere derived throuh

interpolation of the Torsional Analysis Case Charts, errers in

interpolating the exact value from the L/a ratio curve did ccnt ibute to

the percent differences. In additior, Tables 4.9a, 4.9b, 4.12a and 4.12')

illustrate the significant percent differences in •, ', '' and ' that



PHI ANGLE-AND DERIVATIVES
COMPARISON TABLE

Problem No.: 1
Beam Selected: W14x109

End Conditions: Fixed-Free
Length (inches): 300

"Torsion" "Hand-Calc." V iff.

At Support (0 in):

Phi 0 0 0"
Phi' 1.15753x10-5 1.14363xi0-5 1.20%
Phi' 0 0 0%
Phi''' -1.74761xi0-7 -1.75000xi0-7 0.14

At .7L (210 in):

Phi .090238. .0912537 1.1%
Phi'' -3.45695xi0-6 -3.41456x10-6 1.23%
Phi' 3.79325xi0-4 .0003906 2.89%
Phi''' -3.36750x10-8 -3.12564x0-8 7.19%

At Free End (300 in):

Phi .115666 .1163885 0.62%
Phi' 4.04x10-11 "0" 0 0%
Phi' .00023662 .000202459 14.44%
Phi''' 3.21707xi0-8 2.7502x10-_ 10.51%

Table 4.1:- PHI ANGLE/DERIVATIVES, PROBLEM i

16



PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: 2
Beam Selected: W14x159

End Conditions: Pinned-Fixed
Length (inches): 4,32

12

103'-'-1 '

"• "Torsion" "Hand-Calc." % iff,
----------------------------------------------------

At Pinned Support (0 in):

Phi 0 0 n
Phi' 4.2778x10-13 = "0" 0 0%
Phi' .13633xi0-3 .123196x10-3 9.63%
Phi''' -. 16323xi0-7 -. 165058xi0-7 1.1!%

At .25L (108 in):

Phi .012334 .010649 13.66%
Phi'' .86267xi0-6 -. 84551xlO-6 1.98%
Phi' .77173xi0-4 6.92979xi0-6 10.20%
Phi''' -. 28600xi0-8 -3.30116xi0-9 13.36%

At Fixed Support (432 in):

Phi .72407xi0-7 = "0" 0 0%
Phi'' .29064xi0-5 2.67744xi0-6 7.88%
Phi' .10643x10-11 '10" 0 0%
Phi''' .59098x!0-7 5.61197x10-8 5.04%

Table 4.2 - PHI ANGLE/DERIVATIVES, PROBLEM 2

17



PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: 3
Beam Selected: W12x79

End Condition : Pinned-Pinned
Length (inches): 360

"Torsi on "Hand-takc." 3iff

At Left Support (0 in):

Phi 0 0 0%
Phi 0 0 • 0%
Phi 5.78920xi0-4 5.61524xi0-4 3.00%
Phil -1.72400x10-7 -1.75724xi0-7 !.89%

At IL (36 inV

Phi .019483 .018792 3.55%
Phi -6.48172xi0-6 -6.16842xi0-6 4.63%
Phi' 4.64730x10-4 4.49917xi0-4 3.19%
Phi''' -1.95537x10-7 -1.98307x10-7 1.39%

At .7L (252 in):

Phi .038165 .037123 2.73%
Phi ' -A.2233xi0-6 -4.18394x10-6 0.9•%
Phi' -2.2093x10-A -2.16240xi0-4 2.!2%
Phi''' -5.18222xi0-8 -4.9636x10-8 4,22%

At Right Support (360 in):

Phi 8.6327xi0-8 "0" 0 0%
Phi' 1.9459x10-11 "0" 0 0%
Phi' -4.16280xi0-4 -3.98763xi0-4 -. 37%
Phi'' 2.76902xi0-8 2.98754xi0-3 9.32%

Table 4.3 - PHI ANGLE/DERIVATIVES, PROBLEM 3

18



PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: 4
Beam Selected: W14x9O

End Conditions: Fixed-Fixed
Length (inches): 480

S.G K/FT ,

vi

"Torsi on" "Hand-Calc." % Dif .

At Left Support (0 in):

Phi 0 0
Phi'' i.38387x10-5 1.35564x!0-5 2.04%
Phi' 0 0
Phi''' -2.08483xi0-7 -2.09115x!0-7

At .5L (240 in):

Phi .096856 .097553 0.71Z
Phi'' -8.1611xi0-6 -8.06937x10-6
Phi' 2.76211xi0-9 "0" 0 0
Phi''' -5.37320xi0-8 -5.38956x!0-8 0.30%

At Right Support (480 in):

Phi 1.8102x!0-6 = "0" 0 %
Phi'' 1.38388xi0-5 1.35564x10-5 2.04%
Phi' -2.2859x10-9 = "0" 0 0%
Phi''' 2.08483xi0-7 2.091146x!0-7 C C

Table 4.4 - PUI ANGLE/DERIVATIVES, PROBLEM 4

19



PHI ANGLE AND DERIVATIVES

COMP:RISON TABLE

Problem No.: 5
Beam Selected: W8X15

End Conditions: Fixed-Free
Length (inches): 60

Ii G

"Torsion" "Hand-Calc." % Ciff.

At Support (0 in):

Phi 0 0

Phi'' .27899x10-3 .00027499 !.083
Phi 0 0
Phi -. 20042xi0-4 -. 00001099S 0.

At .3L (18 in):

Phi .026647 .030922 i3.83•
Phil' -. 54646xi0-4 -. 00005465 3.;9Z
Phi' .19654xi0-2 .0019695 C.

Phi' -. 18042xi0-4 -. 00001798 C. 4

At Free End (60 in):

Phi .C80349 .080397 2.D6
Phi' .63497x!0-11 = "C" 0
Phi' .96339x10-3 .000787^ 13.23

Phi'' .98034xi0-6 7.99x10-7 13.

Table 4.5 - PFI ANGLE/DERIVATIVES, PROBLEM 5

20



PHII ANGLE ANC DERIVATIVES
COMPARISON TABLE

Problem No.: 6
Beam Selected: WI'LOx4 9

End Conditions: Fixed-Free
Length (inches): 192

"Torsion" "Har.J-Cal c. Di ff .

At Su~pport (0 41n):

Phi 00 011
Phil .19602xO-!0- .18693x_10-4 4.94i%
Ph.i'1 0 0 0 %
Phil'' -.631952xlO-6 -6.22il0x2.O-7 2172%ý

At .SL (96 i n) :

Phi .029039 .02620 9.73%
Phi - .36197x!C-5 -3.6230xlO-6 n 9
Phi' .24734x1O-3 .00024222.3
Phi ' .62667x10-7 6.271l0xi-C-8 2.29%a

At Free End ( 192 i n)

Phi .043101 .04030 .50
P hi ' -2655OCxi-i "C" 0 3
P hi' .10127xIO1-* .00 01211 1 C,. 2 9
P h i'''. .'26093xiC-7 2.0737x!-0-10 2 0. 532

Table 4 .6 -Phi AN6LE/DERIVATIV7S, PROBLEM 6



PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: 7
Beam Selected:. W6x15

End Conditions: Fixed-Free
Length (inches): 42

I I

"Torsion" "Hand-Calc." % Diff.

At Support (0 in):

Phi 0 0 C%
Phi'' .20651x10-3 .00021008 1.70%
Phi' 0 0 0%
Phi'' -. 18043xi0-4 -. 00001823 1.30%

At .3L (12.6 in):

Phi .010563 .007893 21.56%
Phil' -. 15550xi0-4 -. 00001616 3.77%
Phi' .11951Xi0-2 .00142357 16.34%
Phi'' -. 17439x10-4 -. 00001773 1.641

I At Free End (42 in):

Phi .041242 .047357 12.91%
Phi'' .23221x10-12 "0" 0 0%
Phi' .07444xi0-3 .00107143 9.05%

Phi' ' .49229xi0-6 5.4843xi0-7 i0.24%

I

j Table 4.7 - PHI ANGLE/DERIVATIVES, PROBLEM 7

22I



I PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: S
I .Beam Selected: W8x67

End Conditions: Fixed-FreeI nLength (inches): 108

-.
2 

-,-w-,N .I
I "03' •

I
"Torsion" "Hand-Calc.' % Diff.

At Support (0 in):

Phi 0 0 0%
Phi' -6.2595xi0-6 -6.188x10-6 1.4%
Phi' 0 0 0%
Phi' 1.2945xi0-7 1.30x10-7 0.38%

I At .3L (31.4 in):

Phi -2.55981x10-3 -2.6162x!0-3 2.16%
Phi' -1.76108xi0-6. -1.8566xi0-6 5. 4%
Phi' -1.34279xi0-4 -. 0001371 2.06%Phi''' 1.80392xi0-7 1.69x10-7 6.32%

At Free End (108 in):

Phi -1.13664xi0-2 -. 011642 2.37%Phi'' -1.48674xi0-10 11"0" 0 0%Phi' -7.892x10-5 -. 00008175 3.46%

I Phi''' -1.07003x10-7 -I.04x10-8 2.81%

I Table 4.8 - PHI/ANGLE/DERIVATIVES, PROBLEM 8

I



PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: 9aBeam Selected: C1Ox2O

End Conditions: Fixed-Free
Length (inches): 60

I
HAND CALCULATION VALUES INCLUDE THE TORSIONAL FORCES DUE TO ECCENTRIC

LOADING OF THE UNIFORM DISTRIBUTED LOAD THROUGH THE CHANNEL'S SHEAM CENTERI
"I"Torsion" "Hand-Cac." % Di ff..

At-Support-(0-in):----------------------------At Support (0 in)-

Phi 0 0 0%
Phi' .21630xi0-3 .0002643 13. 16%Phi' 0 0 0%I Phi' -. 18174x10-4 -. 00002203 17.50%

At .3L (18 in):

Phi .019083 .0246337 2Z.,5 3.%Phi' -. 62927xiO-4 -. 00005438 13.58%Phi' .12938xiO-2 .001773 27.03%

I Phi' ' -. 14926x10-4 -. 00001636 8.74%
At Free End (60 in):

Phi .044149 .066842 33.95%Phi ' -. 5 9204x10-.O 1 1 "0' 0 0%Phi' .31087x10-2 .0006358 5!.!1%
Phi'" .78042xi0-6 .000001605 51.38%

I

Table 4.9a - PHI ANGLE/DERIVATIVES, PROBLEM 9a
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PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: 9b
Beam Selected: Clx20

End Conditions: Fixed-Free
Length (inches): 60

II Jig'_4' • .. j I

I S

* HAND CALCULATION VALUES DO NOT INCLUDE THE TORSIONAL FORCES DUE TO

ECCENTRIC LOADING OF THE UNIFORM DISTRIBUTED LOAD THROUGH THE CHANNEL'S
SHEAR CENTER

"Torsion" "Hand-Calc." % Diff.

At Support (0 in):

Phi 0 0 0%
Phil' .21630xl0-3 .0002146 0.79%
Phi' 0 0 0%IPhi ' -. 18174xi0-4 -. 00001828 0.58%

At .3L (18 in):

Phi .019083 .018728 1.86%
Phi' -. 62927xlO 4 -. 00006184 1.73%
Phi' .12938xi0-2 .0013031 0.71%
Phi '' -. 14926xi0-4 -. 00001499 0.40%

At Free End (60 in):

Phi .044149 .043219 2.11%
Phi'' -. 59204xi0-10 "0" 0 0%

Phi' .31087x10-2 .0002896 6.84%
Phi' ' .78042xi0-6 7.3126x10-7 6.30%

I

Table 4.9b - PHI ANGLE/DERIVATIVES, PROBLEM 9b
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I PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: 10
Beam Selected: C12x3O

End Conditions: Fixed-Free
Length (inches): 108

.2 imq3 ,

"Torsion" "Hand-Calc." % Diff.

I At Support (0 in):

Phi 0 0 0%
Phi' -4.6154xi0-5 -. i542x1O-4 1.59%
Phi' 0 0 0%
Phi''' 1.2313xi0-6 1.212x10-6 1.57%

At .3L (32.4 in):

Phi -1.80v'9x1O-2 -. 017098 5.30%
Phi'' -1.02406x10-5 -1.3423xi0-5 23.71%
Phi' -9.2765xi0-4 -9.014x10-4 2.79%
Phi''' 1.39828xi0-6 1.35621x10-6 4.2i%

At Free End (108 in):

Phi -7.24163x10-2 -. 070244 -. 00%
Phi'' -8.12819x10-9 "0" 0 0%
Phi' -4.02456xi0-4 -. 0004177 3.65%
Phi''. -8.88997x10-7 -8.7229x11-7 8.08A

Table 4.10 - P1-I ANGLE/DERIVATIVES, PROBLEM 10

I
26I



PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: 11
Beam Selected: C5x9

End Conditions: Fixed-Free
Length (inches): 42

.• - 12.6'

"Torsion" "Hand-Calc." % Diff.

At Support (0 in):

Phi 0 0 01
Phi' .30579xi0-2 .002950 3.53)
Phi' 0 0 U%
Phi'' -. 47020x10-3 -. 000472 0.38%

At .3L (12.6 in):

Phi .11685 .114633 1.90%
Phi'' -. 11897xi0-2 -. 001141 4.09%
Phi' .99488xi0-2 .009830 i.19%
Phi'' -. 32743xi0-3 -. 000331 i.08%

At Free End (42 in):

Phi .19976 .196514 1.62%
Phi'' .189x10-8 = "0" 0 0%
Phi' .58739x10-3 .000655 10.32%
Phi''' .84293xi0-5 .00000944 10.71%

Table 4.11 -PI1 ANGLE/DMRIVATIVES, PROBLEM 11
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PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: 12a
Beam Selected: MC!8x42

End Conditions: Fixed-Free
Length (inches): 192

2 'I

* HAND CALCULATION VALUES INCLUDE THE TORSIONAL FORCES OUE TO ECCENTRIC

LOADING OF THE TWO CONCENTRATED LOADS THROUGH THE CHANNEL'S SHEARsCENTER

"Torsion" "Hand-Calc," % Diff.

At Support (0 in):

Phi 0 0 0%
Phi'' .39802xi0.-4 4.656xi0-5 14.51%
Phi' 0 0 0%
Phi''' -. 15538xi0-5 -1.6933x10-6 8.24%

At .5L (96 in):

Phi .049015 .06624 26.00%
Phi '' -. 74574xi0-5 -3.5077x10-6 52.A6%
Phi' .32272xi0-3 .0006811 52.52%
Phi '' .17989xi0-6 2.31328xi0-7 22.24%

At Free End (192 in):

Phi .062393 .12042 Q8.19%
Phi -. 25325xi0-9 = "0" 0 0%
Phi' .66205xi0-4 .000056361 14.87"
Phi'' .36904xi0-7 1.7916x!0-8 I.45%

Table 4.12a - PHI ANGLE/DERIVATIVES, PROBLEM 12a
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PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: 12b
Beam Selected: MC18xA2

End Conditions: Fixed-Free
Length (inches): 192

------------ 7

* HAND CALCULATION VALUES DO NOT INCLUDE THE.TORSIONAL FORCES DUE TO
ECCENTRIC LOADING OF THE TWO.CONCENTRATED LOADS THROUGH THE CHANNE-'.S SHEAR
CENTER

"Torsion" "Hand-Calc." % Diff.
---------------------------------------------------------------

At Support (0 in):

Phi 0 0 0%
Phi'' .39803x1O-4 .39488xiO-4 .79%
Phi' 0 0 0%
Phi' -. 15538xi0-5 -. 1544xi0-5 .63%

At .5L (96 in)

Phi .049015 .04884 .36%
Phi -. 74574xi0-5 -7.5494x!0-6 .22%
Phi .32272xi0-3 3 .07060x10-3 1!%
Phi''' .17989x10-6 1.7161xi0-7 4.60

At Free End (192 in):

Phi .062393 .06234 .08%
Phi '1 -. 25325x10-9 = "0" 0 0%
Phi' .66205xi0-4 .614 x10-4 7.26%
Phi'' .36904x10-7 = "0" 0 0%

Table 4.12b - PHI ANGLE/DERIVATIVES, PROBLEM 12b
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occur when torsional forces due to the eccentric loading through a

channel's shear center are included in the calculations.

4.3 "TORSION"/Hand-Calculation Stress Comparison Tables

Tables 4.13 through 4.24b illustrate the normal stresses and torsional

stresses calculated determined by the "TORSION" program and hand-

calculations, and the percent differences between the two analysis methods.

Percent differences could not be calculated in cases where the stress

value derived by hand was 0 ksi and the stress derived by "TORSPON" was an

actual value. Percent differences for these cases are annotated by a

question mark.

Tables 4.13 through 4.24b also illustrate the errors in th-p "TOPSIoCJ'

stress output. For example, in Test Problem No. 5 (Wgx15, Fixed-Free),

"TORSION" calculates an increasing bending and shear stress along the

member's length from the support to the free end, which cannot be the case

for these boundary conditions. Similar situations with plane bending

stresses for the fixed-free boundary conditions are apparent in Test

Problems No's. 6, 9a, 12a and 12b.

In the other cases, the percent differences are quite 7 ,alil.

Comparison of the percent differences of the ý', I'' and 0' ' at -pecific

length locations and cross-section points with the calculated stress

percent differences at the same points and locations show a high degree of

similarity. This, of course, would be the case since the stresses

calculated with Equations 1.3, 1.4 and 1.5 are directly related to the ý',

0'' and .''' values. Therefore, percent differences in these values would

be reflected by similar percent differences in the calculated stresses.

I

I



"TORSION" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem !
Beam Selected: vJ14x109

End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 210 inches
Location 3: 300 inches

I.

3 Ti,

S,25 1- J/ . 3

- 210

j 0
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"TORSION" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 2
Beam Selected: W14x159

End Conditions: Pinned-Fixed

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 108 inches
Location 3: 432 inches

Si ~~.7S k-N/;•:"

-IN

3i
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"TROSION" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 3
Beam Selected: W12x79

End Conditions: Pinned-Pinned

Analvses taken at 4 Locations:

Location 1: 0 inches
Location 2: 36 inches
Location 3: 252.inches
Location 4: 360 inches
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"TORSION" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 4
Beam Selected: W14x9O

End Conditions: Fixed-Fixed

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 240 inches
Location 3: 480 inches
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"TORSION" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 5

Beam Selected: W8x15
rEnd Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 18 inches
Location 3: 60 i.nches '
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"TORSION" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 6
Beam Selected: WlOx49

End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 96 inches
Location 3: 192 inches
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I "TORSION" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

I Problem: 7

Beam Selected: W6x15
End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: C inches
Location 2: 12.6 inches
Location 3: 42 inches
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"TORSION" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 8
Beam Selected: W8x67

End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 32.4 inches
Location 3: 108 inches
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"TORSION" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 9
Beam Selected: C1Ox2O

End Conditions: Fixed-Free

I Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 18 inchesLocation 3: 60 inchesI
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"TORSION" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 10

Beam Selected: C12x3O
End Conditions: Fixed-Free

Anal.Yses taken at 3 Locations:

Location 1: 0 inches
Location 2: 32.4 inches
Location 3: 10.8 inches
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I "TORSION" AND HAND-CALCULATION RESULTS

COMPARISON TABLE

I Problem: 11

Beam Selected: C5x9
End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 12.6 inches
Location 3: 42. inches
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"TORSION" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 12
Beam Selected: MC18x42

End Conditions: Fixed-Free

I Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 96 inches
Location 3: 192. inches
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I Chapter Five

"GTSTRUDL" STRESS ANALYSISI
5.1 General

The twelve hand-calculated test problems that were determined through

use of the Torsional Analysis Case Charts were compared to the same test

problems analyzed with GTSTRUDL. After the combined bending4torsional

I stresses were determined for each of the test problems, the resulL were

compared to the plane bending and shear stresses computed by GTSTRUDL.

These comparisons showed how the torsionally-induced stresses can

either increase or decrease the overall bending and shear'stresses at

various points in the member's cross-section and at various locations alongI"
the member's length.

5.2 GTSTRUDL Proqram Input and Output Files

Input files for each test problem 'as established using the standard

GTSTRUDL format of specified units, joint coordinates, member indices,

I constants and member loadings. In addition, the GTSTRUDL "Tables" sub-

program for specific member properties were used.

Stiffness analyspý irý c... d. n stre s e''puts were listed for

each specified location along the member's length and at specified key

points of the member's cross-section.

Joint release requirements for GTSTRUDL dictated that the torsional

pinned end condition could be attained through release ef the y-axis and

z-axis moments. Release of the x-axis moment would create an unstable

member, and was similar to the pinned boundary requirements for both the

Torsional Analysis Case Charts and the "TORSION" program. Currently,
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GTSTRUDL stiffness analysis does not include torsional and warping

stresses, and therefore, only plane bending stresses are listed in the

program output.

I The GTSTRUDL Input/Output file printouts for each test problem are

shown in Appendix D.

5.3 Comparison of GTSTRUDL and Hand-Calculated Stress Results

Tables 5.1 through 5.12 illustrate the comparison of overall member

cross-sectional stress derived by GTSRUDL and hand-calculations.

The basic comparison between the GTSTRUDL stress determination and the

hand-calculated stresses is the difference caused by the torsional and

warping stresses. The combined bending and torsional stresses 're based on

the plane bending loads Pnd the torsional bending loads. If the plane

bending loads are small, then their percentage of the overall combined

stress will also be small. In comparison to the GTSTRUDL stress

calculations (which were based on plane bending loads), the percent

differences can seem large. However, this is due to the magnitudes of the

plane bending loads and torsional loads chosen for each test problem,

making the percent differences based upon the relative amounts of plane

bending and torsional stresses in each test problem.
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I "STRUDL" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 1
Beam Selected: W14x109

End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 210 inches
Location 3: 300 inches

_DII

I/ 
_ _ _,,_

I 2'l/T./

2 S~

59

I _____

U 59



Location Pt. "STRUDL" Results "Hand-IalI" Results % Diff

W14x109 0 Bending -6.069365 Bending ('b) -6.0694 0%

Torsional (6 ): 16.28415
Total -6.069365 Total 10.21475 4i0.6%

I Bending (rb): .1981687 Bending TJ- .13 2.5'!
0 in. Torsional (t): 0

Warpi ng (?',) .9088

Total .1981687 Total: 1.102 3?.0%

Bending (-) 7.292525 Bending (gl, .7316 6 .0%

Total: 7.292585 Total' .7356 .0%

0 Bending 0 Bending (Cj5 0

Torsional (C...>: -4.86199
Total: 0 Total: -4.A6199 --

I Bending ( '): .1981687 Bending (n b)' .1932 2.5%
210 in. Torsional (C, : 3.76226

Wlarpinc, (17 I.. r6524

Total: .I931687 Tota' • 4.1178G 95.2%

3 Bending (7,,): 7292535 Bending 7. 36G6

Tersional " 2.29673
Total: .7292585 Total: 3.0333 75.9%

0 Bending (d,): 0 Bending (dK: 0 0%
•orsional ,•~.:

Total: 0 Total 0 0%

I 1 Bending (7§,: 0 Bending ( 0: 0 0%
300 in. Torsional (I:> 1.95009

Warning •,.1.1:, .420.

Total: 0 T. 1..072,

3 Bending (T.): 0 Bending (n- , ' 0 0%
Torsional (7") 1.19046

Total: 0 'otal: 1.!;90,: --

Table 5.1 - STRUDL/HAND-CALC. COMPARISON, O
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"STRUOL" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 2
Beam Selected: W14x159

End Conditions: Pinned-Fixed

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 108 inches
Location 3: A32 inches

...... .... -

II
I AI

I
I 0 ..

I
I
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"Location Pt. "STRUDL" Results 'Hand-CaIc" Resul ts I riff

W14xI59 0 Bending (d> ) 0 endi n (, 0 c
Torsional (l') 0

Total 0 Tota1 0 rj ,

1 Bending (-) .2147443 2ending (7i: .20'
0 in. Torsional (7: : 1.C42.SWarpin ('- .' 00

Total: .2!47443 Total: 1.948 30. 9,

3 B ending ... T,) 7654168 Bcnding' ( -.. 7 7 . .. 67
Torsiono' (T.'• _.028

Total: .7654463 Total: 7.7., 57.

0 Bending ( ,): 3.233046 Bending (ci, : .22-7, .2%
To-sicnal 3 7

Total: 3.233046 Total: 13.1

1 ending 2 -) .2147443 nending n - .r',,
108 in. i: 2,,o. pionai Th,:: . C-OO2

T Total: .2147443 7ta: 1.15 C1.3%

3 Bending T, .7;5,4,C3 Bentin. , .7.7 d.2°r
ToIrsi nalj 7" ' ,

Total: .7654463 Tota • . 5 ,3. 1%

I , Bending . -2.374903 Bendin, I: --r, ,..
Total: -2 3749 03 t 2

1 Bonding (-, 1241631 Bendin '' '20-

432 in. norsiona
Ylarping ',

1ed n 4',i, 6 3 2 .
-I 7, 142 51734 0019 dn

, F0 ona" ;: 0
Total ' .442,5741 ate' t 7

Tab le 5 . 2 - STrUDL/AND-CIALC . C4PAR SON. PIOBLE 0
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"STRUDL" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 3
Beam Selected: W12x79

End Conditions: Pinned-Pinned

Ana /s es taken at 4 Locations:

Location 1: 0 inches
Location 2: 36 inches
Location 3: 252 inches
Location 4: 360 i nches

i/I .t

N63
0N 7

I,
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Location Pt. "STRUDL" Results "Hand-Calc" Results 7. Oiff

W12x79 0 Bending (G ) 0 Bending (O51,) 0 07.
Torsional (d•,) :

Total: 0 Total: 0 0.%

I Bending (T. ": 0 Bending (d•) C 0,%
0 in. Tcrsional VT:) 4.6?

l;a r Pi ng (j 57. . 4

Total: 0 To`a] 5.l : -

3 ending (n 1: 0 Bend' 'n -
To)rsio nall (7:" .•

Tota> 0 Total 2.96 --

0 Bending (c 5 h) 0 end ing (5<: 0 n
Torscnal scn )' -6. 297

Tot : a Total '6 .27 -

SBend'ng (7.)" 0 Sending g _' 0
36 in. Torsional ( 3). .70

Wa•rning - 1

Total: 0 Tota. .3"!

Bending (fi,): 0 Bendlno ( C
Torsional - 2.,

t a' 0 Total 2.7 --

0 Bendin g ";Br .) n g

Tor ýonal ,.i. 7

... , n) -4 c295

Total: 0 Total '127 --

Dendi• ng Q n'd nc .. '

0 5 e-Idn C. 1 0 Bending 0 ~.-

252 in. Torional I . 78
'uaring e) ) 206

Total To1 906 9

3 Bending (7'. 0 Lendinc r, 2 .
Tors ona <,- -'.'

t a " I T o -

0 3endino (,• 0 Bending (o, C A N
C wTorsiona", •<.•: 0

3 endi,. n ,e ' : .0 Bend~nqrC,. .0
360 in. Torsioena ':- -3

W!arpin n ( "9-s . -. g

Total: 0 Te ' 2- ? ...

- fd.~q,-~ ' 0~dn - ..

Total: 0 Toz..'...--2.--

T a=== ---.-- - 5 -- - - --- -.-. ;-..- .'.- --... .. . . .

...... ,..:, •. '..: ,.,-S:[,C. (C.';I............,.."..:"......... ... "
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"STRUDL" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 4.

Beam Selected: W14x9O
End Conditions: Fixed-Fixed

Analvses taken at 3 Locations:

Location 1: 0 inches
Location 2: 240 inches
Location 3: 480 .inches

Iv
Ni .• •..> ._ ___-_ __ ___

"/ -

Iu
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Location Pt. "STRUDL" Results, HnC•d -. a" R c u Is u IW

W14x9O 0 Bending (cS): -6.713287 Bending ') -6.712,33
Torsional (CO; : 1.

Total: -67131237 Total 12.2767 15;

I 1 ndring (Q): .530364 Bending Tb-•) 5701 1.31

0 in. Torsional (TI) 0
Waroin• , '. 7

Total: .580364 Total 1.640I 5r4.6%

3 Bending (b ): -2.111372 Bend dno (nQ: -2 .176 1

Torsional (': :

Total: -2 111372 7,o 0a : -2 127". 2

0 Bending (q ,) : 3.356643 Bendi5ng sr, . ......
Torsional (, 11 - 3.30

Total: 3.356643 Tota1 7 79434 , .57,7%

1 Bending (Tb): 0 Bending d 7. 0 0%
240 in. 7orsiona 7"

Warping K- ... ... 2•_

Total : 0 o ta 20

- Bendi ng 0\> : O Beno ng ,

Torsoanall:
To tal: , T o "a • 0 '

0 Bending (Gt,, -6.713287 Bending 41 ' n .7133 0%
i crsiona il •

Total -5.713287 Total' t .277 45.3%

1 Bendig (C,.) 50354 Bending I n
480 in. Torsional ( C- ,

Warpino , ...,7

Total: .500364 Ta 4Q.0 -_.-,

3 Bending IT,.): 2.111372 Bending - 2. 176 1.2%.

Total: 2.111372 Tota .2 1376 1.2

Table 5 . - STRUDL/HAND-CALC. COMPAIT.SON, PROBLEM'4

I
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"STRUDL" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 5
Beam Selected: W8x15

End Conditions: Fixed-Free

Anayse -ta r2n at 3 Locations:

Locatoi y: e inches
Location 2: 18 inches

Location 3: 60 inches

--------------

0-"

II

U,,

I1
C. . . : ! p •• - , ' ; --. .... .

"II
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Location Pt. "STRUOL" Results "Hand-Caic Results % Diff

W8x15 0 Bending (32): -12.71135 Bending (g < -12 712 0%
Torsional (5..) 52.744

Tota l -12.71136 Totaa 5-0.027 74. %

1 Bending (8 : .144443 Bending -C, .737 4..4%

0 in. Tor sional a ,: ,
*Jarpi . 543II

Total: .8144440 T o ta I 'r, 3 24.7%

J Bending (T: 2.816)50 Sendinc. 2333 2S3
'.Torsional ,7'ý C

Total: 2.316950 7oa' 2.003 2.2%

0 Bending (O1): -6.228563 3endinq (nq : -6.2 2 ,
Tors 4ona (n. a ,' -12 3-83

Total1 -6.228563 Tota7 - .63. . "7

1 Bending ,', ) : .5701!13 Bendinc -7, .51 3.4%
18 in. rorssona (n a.4

Warpin.q C" ' 2039
Total: .570!113 To ta : -1.5 7 .. ;3 8"

3 Bending (T,: 1.971865 Bending 2 2.01.
Torsional T 5. 43

Total: 1.971865 ota '122 ->3

0 Bending (ce): 0 Bendin (na 0
Torsional ( . 0

To :0total 0 T c)

I Bending f'7): 0 Bending -. ). 0
60 in. Torsional ( - .

Warping 1,.,2

Total: :j Tot " 2.97
,'erin (T: 0 Bending 0i•' :

3 Be!n d i n gj 'D B e n d i n T. .

Torsional T' .5

Tota 1 0 To6 2 --

Table 5 .5 - STIUDL/i-AND,,-CAIC COMPARISON, iPR:',OBJES 5
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"""STRUDL" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Probl em: 6
Beam Selected: W1Ox49

End Conditions: Fixed-Free

I Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 96 inches
Location 3: 192 inches

I . .

II

I ___

I



Location Pt. "STRUOL" Results "Hand-Calc" ReSults % if f

WlOx49 0 BendingC (!C,)': 10.54945 Bending (o 1) 0.549 0%
orsiona. 'd.,' 12.752

Total 10.54945 Total 23.30C 5..7%

I Bending -. 729304 endin -17

0 in. Torsional T.:, 0
W.arpi ng ~ S .: ,060

Tota: - .1729304 otal . .2 9

3 Bending (-n.) : -563990•/ B4n7ing (e- • -.d53 2.5 %
Torsional ( '

Total: -. 639H947 o ' 2.0%'

0 Bending fl.). 7 .032968 Bonding (, .'
Torsional (4.

Total' 7.032968 To0al 4 .

Bendi d ,) -. 2921956 Bendirng 3 4-"
96 in T.rsional:

War)i ng !•

Tota : -. 2921956 Total: 1.072 72.7 ,'

3 Bending (, : -3.383947 Bending (C.,, -g
Torsional (,- ): .922

'I Total : -. 6398947 otal c .2 9 a '.1

0 Bending (Q;A): 0 Bending (5i " 0
Torsional ' C,

Total 0 Ttj C 0%

e n Bendig (3, .. - 4.3 .53608 BLndi n.1
192 in. Tor s onal .

Tarp n o7.< t-.0358in8cITotal: -. 345.300.--0•. B " •5 . ,.2%

3 Bondia '-- V -1.279789 Bordir: '7.... -1.0 .. ....
Tor sinal IR,:. 0

Total: -1.279739 7 ta - .a3.5 ,0%

Table 5 . 6 - STRUDL/HAND-CALC. COMPARISON, PROLM, 6

I
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"STRUOL" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 7
Beam Selected: W.6x15

End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 12..6 inches
Location 3: 42 inches

I
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Location Pt. "STRU DL" Results Hand-Ca l Pc " R es2 t % uir 7

W6x15 0 Bending (ca ,) 0 Bending nQ 0
5 ona2 272

Total : 0 To al a 2 272 2

I Bending (7T,) B0 Bendino 0)
0 in. orsi onal

Total 0 T o .-

3 Bending 06,, 0 Bend ing - C
, T~~~orsional T ) '.

Total 0 a r 1o

0 B e n d i n g ( do ,): 0 Z e n d i n c o ',K I ,0, n

Total: 0 To~a 02.1_= ,

1 Bending ( 0): 0 Bending ( 0-, C 0%
12.6 in. Torsional K ) .!* 0I .,,, r . " t O5

Total 0 7 :- a 71

3 Bendino (7,): 0 Bondi no (c, %
Torsional (, a', (.a 0

Tota7 : 0 :o --IB Bendi ng (•,'K : 0 Bending ' 'm.7%•
Tors.cna..

T o t a l : 0 To t al O

Bendig ( ):, ,, ,

42 in. Torsional 7 , .

Total: T0t: 2 . 0 --

T :C+-i , T':7, ' 7

"Table 5 . 7 %DSTRUDL ',D-CALC. R SZ -I...

7 2
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"STRUDL" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 3
Beam Selected: W8 x67 7

End Conditions: Fixed-Free

Analvy es taken at 3 Locations:

Location 1: 0 inches
Location 2: 32.4 inches
Location 3: 108 inches

Iq

II

.2l.7.>
I,!
I,

I~l~
I / *



I
I

Location Pt. ,,'RUDL ResuIts H, 3n a R.us ,- I '

T r. tr ',a 0 a ZoW~x7 0r~nT():r .enionc (c',,: -20 9
T ot l 0 , -- r

0 in. Torsiona;
a hrp nc - : .130

Total: e T, -. 30 g
3 ending (:-<: C ½Bnd~rc: C-.,. C

O Bending (o'2: C £endinc 0O]' • ',.
Io s or 1 2 o r , ! ,a,-

32|in r caI

I gedn (Th, ,0 Bending CC .;0

oTorsional (t: .al

Total o Tote" - .a3l"

I 0 Bending (Tc,) 0 ~'Bedngr ,,,'r

7 C

Total n To t
' •r•. r-

Torsional •, -.
Total 0 o 1 ' 2 C 7"

-en in k.,._,,} .-. ,.-. . -•', C3

i 108 in. ~Torsiocna' , } .5

1 Total 0 Tro t-,1 C, -D. c

I~~ ~~~ oBnd "- s'•n:!

To t a " 0 T t• : - 5 ,I
TabS L, 5 ,3 - S....-; -C L . C .P. ,N.SO".
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"STRUDL" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 9
Deam Selected: CI0x20

End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 18 inches
Location 3: 60 inches

I;- I

v75

___ 30 I'i 2J
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Location Pt. "STRUOL" Results "Hand-Calc" Results % Diff

ClOx2O 0 Bending (c';): -9.493291 Bending (or.): -9.491 0%

-Torsional (d,,): 63.157
Total: -9.493291 Total: 53.663 82.3%

1 Bending (d0 ): -9.493291 Tending (',): -9.,194 0%
Torsional cý,,): 30.276

Total": -9.493291 Tctal: 20.762 54.3%

I Be nding (T,: .7725742 5ending (TC,): .733 5.1%
i in. Torsi .cal "' 0

iWarping 'I ,,: 3.g02
Total: .7725742 Total: .1.235 31.7%

a3 ending (6: 3.613310 Cending (TL): !.634 . .3%
Torsional 0

I.arpinc (rp) : 2.006
Total: 1.613310 Total : 3.640 5.7

0 Bending (fo•: -4.651712 3ending (01n): -4 .652 0%
Torsional (1 .,)" -12.995

Total: -1.651712 Total: -17.6417 73.6%

Bending (cm): -4.651712 Bendinr, (r .) : -4.652 0%

Torsional (c..): -6.229
To;al- : -4.651712 Total: -10.88i 57.2%

2 2rding•L 5408019 Bending (Cb): .513 5.1
18 in. Torsional (Zt): 8.658

Warping ( 7)-: 2.601
Total: .5408019 Total: 11.772 95.41%

I 3 Sending (2J: 1.129 317 0ending (1,): T .144 1.3%
Torsional (-C"- : 7.526

Warping (C,,,): I.490
Tota!: 1.129317 Total: 10.150 88.9%

0 Bending ((.,): 0 Bending (aib): 0 0%
STorsilonal (c,) 0

Total: 0 Total: 0 0%

I Sendig (dl,: 0 Bending (C,): 0 0%
Torsional (cx,,): 0

Total : 0 Total: 0 0%

I Bending T-,: 0 Bending (ZT,): 0 0%
60 in. Torsional (Zt,): 3.105

Warping (T.g-) : .255
STotal: 0 Total: 3.360

Bending (•2.: 0 Bending (C,): 0 0%
Torsional (Tt): 2.699

- ............. Warping (T ,): .1,16
Total: 0 Total: 2.845 --

Table 5.9 - STRUDL/th\AIND-CALC. COMPARISO.:, PROBLEM,2', 9
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"STRUOL" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 10

Beam Selected: C12x3O
End Cond*ions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 32.4 inches
Location 3: 103 inches

I ' 1-- - --3. i

0

?L ~: ~ Tip

77t. i: 7 (at a e ntei
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Location Pt. "STRUOL" Results "Hand-Calc" Results •7 0iff

C12x30 0 Bending ((a,): 0 Bending (Oa,): 0 0%
Torsional (d,,): -15.411

Total: 0 Total: -15.411 --

1 Bending (Ca): 0 Bending (1'6): 0 0%
Torsional ( .,): -6.612

Total: 0 Total : -6.612 --

2 Bending (Z,): Bending (T&.. 0 07
0 in. Torsional (-i): 0

Warping (T) : -. 344
Total: 0 Total: -. 344 --

3 Bending (&): 0 Bending (7b): 0 0%
Torsional (0t) 0

Warping (r,, pn: -. 159
Total: 0 Total: -.169 --

0 Bending (O ),): 0 Bending (16): 0 0%
Torsional (0w): -4.554

Total: 0 Total: -4.554 --

1 Bending (to): 0 Bending (s}): 0 0%
Torsional (;,,) : -1.954

Total: 0 Total: -1.954 --

2 Bending (tb): 0 Bending (76): 0 0%
32.4 in. Torsional (C.- ): -5.058

Warping (Cr,): -. 335
Total: 0 Total: -5.443 --

3 Bending 0): C Bending (%): 0 0%
Torsional (Ti): -5.149

Warping (0): -. 189
Total: 0 Total: -5.338

0 Bending (cj): 0 Bending (01): 0 0%
Torsional (5w): 0

Total: 0 Total: 0 0%

I Bending (56): 0 Bending (at: 0 0%
Tor:ional (aw,): 0

Total: 0 Total: 0 0%

2 Bending (nCb): 0 Bending (T,): 0 0%
108 in. Torsional (T ): -2.344

Warping ( .): .248
T ,tal: 0 Total: -2.096 --

3 Bending (C,,): 0 Bending (T,,): 0 0%
Torsional (0.-): -2.386

Warping (F,): .122
Total: 0 Total: -2.264 --

Table 5.10 - STRUDL/HAND-CALC. COMPARISON, PROBLEM 10
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"STRUDL" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 11
Beam Selected: C5x9

End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inche:
Location 2: 12.6 inches £

Location 3: Q2 inches

N79

U?'I

_ _ _ ji_ _

mI
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I Location Pt. "STRUOL" Results "Hand-Calc" Results % Diff

C5x9 0 Bending (0,): 0 Bending (a,.): 0 0%
Torsional (c,.,): 226.708

Total: 0 Total 226. 708 --

s 1nBending 0 B ending (): 0 0%
Torsional (dP,): i1 0.059Total: 0 Total: 113.059 --

2 2 ! Bending (g ) 0 Bending (Tb): 0 0%
0 in. Torsional ('C ) 0

.rpi ng (p... ) : 14 971
To t.: 0 Total: 1 ,97i1

Bending (,): 0 Bending (nj: 0 0%
Torsional (Z-): 0

arpi ng (>,. : -7. 3 70

Total: 0 Total: -7.370 --

0 Bending (db): 0 Bending (gb)' 0 0%
Torsional (ci,): -87.686

Total: 0 Total: -87.66 a--

1 Bondi -):, 0 Bending (n ): 0 0%
Torsional - 4,): -45.662

Total 0 Total: -45 .663 --

2i ed:ng (CoI C Bending (Zb : 0 '0%
12.6 in. Torsional n C- : a . .3

Warping ( 10.337

o tal: 0 Total : 45.5,35

I 3 Bending (if.): C Bending :0-
Tcrsional (t): 35.731.

Warping (W): -5.169

Total: C Total: 30.612 --

0 Bending (5,.): 0 Bending (Cý,): 0 0%

Total 0 Total: 0%

I 2 Bending ,,): Bending (O,):0 0%
Torsionai (W •,): 0

Total" C Tota:l 0 0%

1 2 dnig l 0 Bending (CG) 0 0%
2 in. Torsional (fCl): 2.348

Warping n ',A: -. 299

Total : 0 Total 2.049 53i3 Bending (Cs)]: 0 Bending (-Cr): 0 0%I ___Torsional ('Ct): 2.384
___ _-_ ___ __ -..--- -- arpinG (r,:) : .147

Total : 0 Total : 2.53i --

Table 5.11 - STRUDL/HAND-CALC. COMPARISON, PROBLEM ii
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"STRUDL" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 12
Beam Selected: MC18x42

End Conditions: Fixed-Free

Analvses taken at 3 Locations:

Location 1: 0 inches
Location 2: 96 inches
Location 3: 192 inches

I -I

N''

CT r

i -•2 .

I _____

I1
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Location Pt. "STRUDL" Results "Hand-Calc" Results % Diff

MC1Sx42 0 Rendina (c.,) 9.15O 5 0e"ring !c" . 0%

Torsional (d0): 29.705
Total: 9.35065 Total: 39.0568 76.1%

1 Bending (0b): 9.35065 Bending (a•): 9.351 0%

Torsional (k,,)" 14.042
Total: 9.35065 Total: 23.393 60.0%

2 Bending (Tb): -. 1165265 Bending (C,): -. 1138 2.6%
0 in. Torsional (. ): 0

Warping (r,,): 1.061
Total: -. 1168265 Total: .9472 87.7%

Bending (C,): .2984913 Bending (T,): .3041 i.8%
Torsional (C,): 0

Warpi nr (,, ) : .738
Total: .2-984913 Total: I.0421 7 .4%

' ~d i'nc 2~ : S.2377 Bcn d i r; ( :.234 0%

.Oa:6.Z13-767 Toct al1 3 .996 5.

Bending (Ob): 6.233757 Bending (C,' 6.224 0%

Tor:iona] (O,, : -1.058

Total: 6.223767 Total: .1 76

2 Bendig (nCn): -. 1168265 Bending - I: .11i3G 2.5%
96 in. Torsiona! (Z.t): 4.768

'.;,roing VC" ': - .145

Total: -. 1168255 Total: 4.5092 97.4%

3 77'. 1, .2 9 5ending n-• : .3041 1.8%
Tor:ional (C.): 3.433

WAarping ( .): -.101
Total: .2984913 Total : 3.6•61 91.8%

0 Bending ( 0•): C Bending (o(•): 0 0%
Torsional (dV,): 0

Total: 0 Total: 0 0%

1 Bending (•): 0 Bending (d,: 0 0%
Torsional (0.,): 0

Total: 0 Total: 0 0%

2 ,enr-in c 2, -.2336530 Bending (tn ) -. 2276 2.6%
192 in. Torsional (C.): 3.945

Warping (Z,.: .011
Tota : -. 2336530 Total: 3.7284 93.7%

3 Bending (- ): .5959825 Bending (ZC): .6081 1.8%
Torsional (T.): 2.841

Warping (C,,:): .008

Total: .5969825 Total: 3.4571 82.7%

Table 5.12 STRUDL/HAND-CALC. COMPARISON, PROBLEM 12
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I Chapter Six

CONCLUSIONSI
An automated procedure for analyzing plane bending, torsiona7 and

warping stresses can be validated through hand-calculated problems that are

..based on a proven and acceptable analysis method. The Torsional Analysis

Case Charts developed by the Bethlehem Steel corporation arte an aa,ceotabi_,

analysis method, and can therefore be used to verlfy the stress analysis

"TORSION" program.

The comparison tables between the "TORSION" stress output and the

hand-calculated results indicates that the percent differe' nces - , on he

torsional and warping stresses calculated by the two analysis methods are

slight, and that the "TORSION' program reasonably calculates the var'ous

torsional and warping stresses in open steel members.

Huwever, some significant errors were identified in "TOPSI P' s"

analysis of plane bending stresses. in four test problems . n',' n,

members with "fixed-free" boundary conditions, the program co',c a e,_ý r ,.e

bending stresses that increased along the member' s ength from th.e s•rprt

to the free end. These discrepancies could be a result of thn FCRTPA2) re-

compilation for the program, and warrant further reviewv,' and val iant~ n of

"TORSION's" plane bending stress analysis sub-routines.

Other differences in the stress results are attrib.:tec to ,', ns

in the two analysis methods. in the hand-calculations, the plane bendJnn

stresses were calculated at points on the extreme f.iber of the'

cross-section, whereas torsional and warpinq I stresses '.,,'ere sa;t: a t ed at

points at the flange mid-thickness of the creoss-section,. r..en t e ,

bending and torsional stresses were 7ater combined, this 'fr,,t

I~ 23



points of calculation contributed to some of the difference in the overall

flange stresses determined by the two analysis methods.

The program "TORSION" also assumed that all plane bending loads are

applied at the shear center of each member. Therefore, the program d nd rot

calculate the additional torsional load on a channel's cross-section ca'-seo

by the eccentricity between the point of load application on t.he centroid

and the shear center. Since these eccentrically-induced torsi onal leads

for the channel sections were included in the hand-calculationS, earconi

differences between the two analysis methods also resulted.

Other errors that resulted in the percent differences i;Iustrated in

the comparison tables must be shared by errors in the "TORSI 'N N rogram and

errors in the hand-calculations due to torsional functi on interpolations

that are inherent with using the Torsional Analysis Case Charts.
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APPENDIX A

HAND-CALCULATIONS

Problem No. Beam Selected End Conditions

1 W14x109 Fixed-Free

2 W14x159 Pinned-Fixed

3 W12x79 Pinned-Pinned

4 W14x90 Fixed-Fixed

5 W8x15 Fixed-Free

6 W1Ox49 Fixed-Free

7 W6x15 Fixed-Free

8 W8x67 Fixed-Free

9 ClOx2O Fixed-Free

10 C12x30 Fixed-Free

11 C5x9 Fixed-free

12 MC18x42 Fixed-Free

A-I



HANID- CALCJL ATIONI5
FOR PROBLEM 1

BEAM SELECTED: WVjY • o
[k/D CONDITIONS: FiXKD- FE.

5'ý

2300

A-2



ISHrAR 9 MooENT DiAGKA?

5 )e II4 -AP

210"

MomrlN1':

lWI'1yJO' DlPIEN5ION_5 &-piop~gTW5

A 32 ;), 25 ;, c : 20200 7' L/, J-.

tw .52S5, 5x )ý103 IJý, in 2ýOOO'-

Li .90 i y 91 I s ,qC 10

A -3



IPLANr i3ENDlMC, STJXE~SE-

A. LON&IfUDIMIAL B3ýNDIAJ6 STECES~SE

AT' SuProA'17 -10•0 /73 00

A'r .7L (2/0):6 0

A'r SPOOT :()(.93)2('~~"(~•~ 7~

AYr .7L (210"D: /(,q 74

A-4



C.- ?-MAI~MUM FLANGE 5WAJ(R 57rgESS(

j~VG9F/i~tp

IA-r 5cuPof: TF ý *zS

Afr .-7L (210"): :F .)( g.1 q32 .s

UAT FRE END: TF0

*~ TOSION1AL SYIkLSSESJ

A. TMkSIOAIAL FLNACr17ONS_

I USE L 0 3oo1•, 3.

I )~ ThQýSIONAL LOAD :L So~ Q~ T21"(

Iuse CS X,-

UAr ur~-? : (21o-~ o6o

-1.0~S q~ 0' 1.Sx



IAT MEa END: 5~z .0217-7
0 0

.2S2- .O oOr5

12') Tcx95f01VAL LOAD0 2 2S F!zmI CmD .216"

IU5E CASE 10) c(: .7

I Af 7.? (ZloJ: 1,25 ~

ri ft[ END: 0 r,'6!15. 3/Q

r 0 o

I' A- 6



s) Ur~~rbN O (,(%,(I)1()"FOE LOAD5 1AA0D2

Ar .-7L C210) 0

2.i" -.7502fO

A7- SEN OP: L ir Y.

.00 .V600:Z

A-7



Ar FRE( END3 "jF; (112Ooks,)(.?6,~)(.OOOZOzyS-q9 Iq 5 0 oq K5!

2) W/AVgING NVOCMAL S-riE5SES

Ar 5UPPOr: &ws ~~I.~'

Ar.-.,Zo': 'ts(2q&~ lsl)(ýv. mO2(-S.Yis l~o -) z-Lh3•it4 K5!

')WAe.PiV6- SI)EA .5TiCESSES

Ar F&'E~ ~o: ~ (-27qooos)(3m)(.o2/o)

A-8



HAND- CALCULATIONS
FOt P9OLEM 2

BEAM SELECTED ; WI4- 155
END CONDITIONS; PIMbTJED - FIXED

29K

A-9



LSI-EA9 K & otENT D)A&;,Ap515

1e

-*L (3) (qg

Z(36)

MOM E T 

667.5

A-10



jW~qxl~l DI)N10A15)S & 0i~f

A W: ),' I q00 ;o, C& = 356c0 inc (;1 C.3 ;,,3

15. -,6S; I Sx2q3 n=53.7 ;p 210O00 k.5
).Ijq )k sy. )n, L~i~ 11209 Is

PLANC 5BEMD)N& 5WE55E5]

A. LQN&'ThJ&JNAL SPMDI6 56TRsSS~

Af POINvl LQAo C108} ) a 3.22-7•~

Ar riAEw suppa1. ItO1 Z. -23q2 kS;

8.MAXCIMUM WF SP~EAR' 57r)E55E5

Af PJDE 5uflf -. 76-1j7 5

AT' 1 LWOAD (103")( 7'W(;313/-.~ ~s

A-1Il



C. MAXIMdUMI FLAM6&ý 5J)EAR 57~'(E5.r5

A~r eMJNv 5urro~ suel ""7r(J. 7hO (10 QIs; 2o

Ar POlki' LOAD (668"): T (!'?Vo in m)(1,) 20

Af FIXU' sutpoler: (1TuF(. lh)(e0 /(I?7K - 2 l

ITo?5]DNAL SYKES5ES

A.Tog~5IOAL PUNc1'JQ[J.

USE. L- 4, 10~ .3" 3

TOJIONIAL LOAD 1r r-25 hbAJ/i 'A 0 ith '-1D32 I

USE CASE' 12-

Ar* PJW1J1t SUPPOeT: 0 .

-3- 1. 2 o 1

7- pOIy-r L OAD (10 3'D 2.025 : 0O1

.20 16 1

A-i12



AT Fint) SUPPoRzT: d12 0

A I

~.5Týý5S CAL CUL.A -n oLs

1) ThO.E5IQNVAL 5kEJA9 .5TRES-SEs

A-r PINNED 5LOAV 6 (!o3"Z~ocv7
T'tr-

Ar rjA~w SurPoaT: z'-1.0Jj

2) W4AVUM UO9MAL STI9gSSES !1xhu~1A tP~ 7G

AT PoIVf1 LOAD ~3" (2io0o ~S)(3,-7,2J 35)j 7  .:

A-13



3) WA~R'Nc, SPEAE S-ME55[5_

ATr PJ)Jvr fpp, ,.eF-r': T~.s -(%o - -).1'60 W51

Ar t6)Nf LQOn(o"): Ck - I*q 3 361K '10 4,J

AT F!AFO 5uppa IT E' c I. I 137-,1

A-i14



I-AND- CAL CULATION'S
FOR PK05LEM 3j

BEAM SELECTED. Wl~xTq
END COR'DITION5: P!NJLiED - P1NE~

2521

A-15



F$5IEAM g M-OMEN'T D1A69AM5

N~O PLA KE &W-MtmNJC LOADS 02 51S~

23-S

A 2;.2 '1 1, z 3 0v 3Qi Q
4 12.3 3;n By 216iý, a~ 0.. 70.3 i .5 '

hr 12.oM;n S), z0 I V() i jo Eh 35zo
Si- .4ý' l-y35.? ;& Ski 32~# J2~ n-

tF T 3.1

FTh~O-JA S-6k'FSSES

A.' TOR'3h1\AI FU~ic~ON-5

V 5E 31  6 0"/-7 0.3 51
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)Thk'5ONAL L.OAD I.: O A7 IL (c

USE CASE ~..

Ar LEFT 5OPPORiT : .- [L 1C)

o o

Af .IL (36"): .13.5 O3o

= .21 2.q11

,Ar .7L (292'>~.3.)o

$' -z07-~i

04Io

Ar ~CH~5r o il. [ '1501 00

.01 . 23 o
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2) "TO R5IONAAL LOAD 2 IA: 2 A-" Ar .7L (752")

USE CAS 3,: .3 Pot ThE KJ•wr!

AT LEFT SuPPO": . T-I 0¢".[-I] o ~.. "

lb

AT .JL (36') " -0 .oS .00 2

.0. .2-7

AT.L(g "'. L•] . .. ¢" . .,-
ZY' •_d E.. _ .. = -3.•3gZ,7 ~:,,,-'

A T" 7L -0 /2"

AT 91&cJ-fr jfroR-r: ML 0 o
-j = -y- .. ¢"-18

'-il- .. - ,2. ZS •IO "•

'"[----] .. 27c5- oO

9'" [• ] - -"•~ A 18¢ - z ,,-



3) SUMMATI'ON OF 0,0,",'0 FOk LOADS 1AND 2

IAr LEFT SUPPoiZ 0 0
I - 0

10% -. 7g72q{•IO"

Ar .IL ")" .0 OqZ

I j = Ljqqql 1  •l&"'
II,

Ar .7L C2•2"D": • .o0"7123

(• 1= _2.16•2 q •, l-qt

0

IAT R14K SMUfT.*

2.q g75•5 "

&. STKE55 CALCOLATONJ5

I) TORSIONAL &]lEAR STRESSES

- C ' .7 Z . o
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T F~ (11zJ6 ksJ)(ý73ý1 )S. 5;'2 16) C2

Atr Ci 39"): Z~tkv (z 010ls,) (.q-7ij)(L/~qqqllo~ 2.3-7 I

A . .7L (Z2s"> : (UZOO&T1(.q,7;h) (-z.,c24-%6-'1) -i
-1.F73 ~~

At k'c,ir surporT., ?1ý (11200 KCJ' ( .'17jin) (-3.qpýS '~' -Z.10

2) WARPWhJ& NOWAL 5FrgES5ES

,Af LEFr 5tIPPOff &6- (2 .ooo ,;( 3 S.2b2(.

ATr IL (362"): C-260 (zqoo sl)( 35.2 I,2)(-6 lj ) 31{,? -6.q*7 w5

A (,P1' 5UPfOOTf C (zooo Lm 35o) o
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3) WAgIlAIN& SPIAR SrUE55E

.'3 in, W . I in

AT RIc~f 5UPIX1: -7 35Y7~ i~ . 9 s

A-21



HAND- CALCULATIONS

FOR PROBLEM '+

BEAM SELECTED: Wlu x q0

END CONDITIONHS FIXED-FIXED

.3- K-iN 50
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HAOID- CALCULATIONS
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EN'D CONDITIONS: FIXED- FR•EE
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I APPENDIX B

I TORSION ANALYSIS CASE CHARTS

from Steel Design File, Torsional
Analysis of Rolled Steel Sections

Bethlehem Steel Corporation, Bethlehem, PA
Copyright 1963

Case Chart End Conditions Torsional Load Type Load l'acation

Case 3 (aI=.1 Pinned-Pinned Concentrated _1L of member

Case 3 (0=.3) Pinned-Pinned Concentrated .3L of member,

Case 6 (X.=.5) Fixed-Fixed Concentrated .5L of member

Case 7 Fixed-Fixed Distributed Entire length

Case 9 (0ý=.3) Fixed-Free Concentrated .3L of member

Case 9 (a=.5) Fixed-Free Concentrated .5L of member

Case 9 (a =.7) Fixed-Free Concentrated .7L of member

Case 9 (CC=1.0) Fixed-Free Concentrated At free end

Case 10 (O(C=.3) Fixed-Free Distributed From 0 to .3L

Case 10 (C =.5) Fixed-Free Distributed From C to .5L

Case 10 (CX=.7) Fixed-Free Distributed From 0 to .7L

Case 10 (a=1.O) Fixed-Free Distributed Entire length

Case 12 Fixed-Pinned Distributed Entire Length
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APPENDIX C

"TORSION" PROGRAM INPUT FILES
AND OUTPUT PRINTOUTS

Problem No. Beam Selected End Conditions

1 W14x1O9 Fixed-Free

2 W14xl59 Pinned-Fixed

3 W12x79 Pinned-Pinned

4 W14x9O Fixed-Fixed

5 w8x15 Fixed-Free

6 W1Ox49 Fixed-Free

7 W6xl5 Fixed-Free

8 W8x67 Fixed-Free

9 ClOx2O Fixed-Free

10 C12x30 Fixed-Free

11 C5x9 Fixed-free

12 MC18x42 Fixed-Free
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"TORSION" PROGRAM INPUT FILE

Problem: I

Beam Selected: W14x109
End Conditions: Fixed-Free

'W-FLANGE' 'W14x1O9'
32.0 0.525 0.860
14.32 14.605
447.0 61.2
1240.0 173.0
7.12 29000.0 11200.0
300.0
3
0.0 210.0 300.0
10.0 5.0 0.0
-102.5 0.0 -1050.0
'FIX-FRE'
2
210.0 0.0 -5.0 0.0 50.0 0.0 0.0
300.0 -10.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.25 210.0
IY-
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INPUT DATA PROBLEM 1

WIDE FLANGE SECIION W14XI09

AREA: 32.0000 rHW: .5250 rHF: 0600

IY: 447.0000 SY: 61.2000 12: 1240.0000 SZ: 173.0000 0: 14.6050

J: 7.1200 CW: 20224.6900 WNI: 49.1458

SW2: 154.3216 E: 29000.0000 6: 11200.0000

QY2: 40.7461 OY4: 94.9494 OZ2: 22.9008

LEN6TH: 300.0000

SECTIONS WHERE STRESSES ARE TO BE CHECKED

.0000

210.0000

300.0000



LEFT ENO FORCES

FX: 10.0000 FY: 5.0000 FZ: ,0000
MX: -102.5000 NY: .0000 lZ: -1050.0001

I.SE1 OF APPUIED CONCFNIPATFD LOADS ARE AT 210.00 INCHES FROM LEFT END

FX: .0000 FY: -5. 0000 FZ: .0000
MX: 50.0000 MY: .0000 KZ: .0000

2 SEt OF APPLIED CONCENTRArE6 LOADS ARE AT 300.00 INC.1S FRL0h LEFr E u

FX: -10.0000 FY: .0000 F2: .0000
MX: .0000 MY: .0000 MZ: ,0000

UNIFORM LOAD ON MEMBER IN Y-DIR

WY: .0000 LAY: .000 LBY: .0000

UNIFORM LOAD ON MEMBER IN 7-DIR

WI: .0000 LAZ: .0000 LeZ: 10000

UNIFORMLY DITRIBUTED TORSIONAL LOAD IS

WX: ,2500. LX: 210.0000

MEMBER END CONDITIONS ARE FIX-FRE
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION iS .0000

SFY m -5.0000 SFZ = .0000

SHY2 = -. 1310 SNY1 : -. 723
SHZ2 = .0000

BMY = .0000 lMZ = 1050.0000

BSYI = .0000 8SZI = -6.06?4

AXSIR : -. 3125

TORSION MOMENT = 50.0000 LOCATION = 210.0400
PHI= .OOOOOE+00 PHIl= ,O0000E+00 PH12= .67439E-05 PHI3: -. 65249E-07

FOR. SHR. WEB : .000000 TOR. SHR. FLANGE - .000000
WARP. SHR. STR. = .443625 WARP. NOR. SIR. 9.611619

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT : .25000000 ENDING Ar 210.00000 FROM LEFT END

PHI= .OOOOOE+00 PHIl= .OOOOOE+00 PHI2= .,18314E-05 PHI3= -. n5gi2E-07

rOR. SHR. WEB : .000000 TOR. SHR. FLANGE z .000000
WARP. SHR. STR. .,465807 WARP. NOR. STR, = 6.085823

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB = .000000 TOR. SHR. FLANGE : .000000
WARP. SHR. STR. : .909432 WARP. NOR. STR. = 16.437440
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NORMAL STRESSES (KSI)

POINT WIfHOUT TORSION TORSION ONLY COMBINED STRESS

1 -6.301864 -16.497440 -22.879310

3 -6.381864 16.497440 10.115580

5 5.756864 16.4974,10 22.254310

7 5.756864 -16.497440 -10.740580

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L -. 191045 .909432 .718387

2R .191045 .903432 1,100477

4L -. 729258 .000000 -. 729258

4R -. 729258 .000000 -. 729258

6L .191045 -. 909432 -. 718387

6R -. 131045 -. 01432 -1,100477

POINT LOCATIONS OF COMPUTED STRESSES

+Y

I

x
I
x

x

x

- ---------4L1I 4P

x
x
I
x
x
x
x

XXXXXXXXXIXXXI XIXIX
5 6L 6R 7
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DISTANCE FROM LEFT END OF MEMBER rO SECTION UNDER EXAMINATION iS 210.0000

SFY = -5.0000 SFZ = .0000

SHY2 : -. 1910 SHY4 -.72K
SHZ2 = .0000

BMY z .0000 DM2 2100.0000

BSYI z .0000 DSZI -12.!317

AXSTR : -. 3125

TORSION MOMENT = 50.0000 LOCATION = 210.0000
PHI: .62399E-01 PHIl: .29340E-03 PH12: -. 2674SE-05 PHI3 -. 45347E-07

TOR. SHR. WEB : 1.725642 TOR, SHR. FLANGE : 2.826766
WARP. SHR. STR, : .235982 WARP. NOR. STR. = -3.81IG79

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT .25000000 ENDING AT 210.00000 F20! LEFT EN

PHI: .27839E-01 PHIl: .85845E-04 PH12: -. 76235E-06 Pli13= .U672E-0"

TOR. SHR. WEB .504769 TOR. SHR. FLANGE : .826859
WARP. SHR. STR. : -.06073B WARP. NOR. STR. : -1.115034

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB : 2.230411 TOR. SHR. FLANGE = 3.653G25
WARP. SHR. STR, : ,175244 WARP. NOR. STR, : -4.326)13
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NORMAL STRESSES (KSI)

POINT WITHOUT IORSION TORSION ONLY COMBINED STRESS

1 -12.451230 4,926913 -7.524315

3 -12.451230 -4.326913 -17.378140

5 11.826230 -4.926913 6.299315

7 11.826230 4.926913 is.753,40

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TCP CN ON Y COMSINED SiEKSS

2L -. 19'045 3.822870 3.637825

2R .191045 3.828870 4.019915

4L -. 72925B -2.230411 -2.959669

4R -. 729258 2.230411 1,501152

6L .191045 -3.828970 -%.637525

6R -. 191045 -3,828870

POINT LOCATIONS OF CUNPUTED SIRESSES

+Y

I 2L1 2RXXXX•XXXXX•X•^X ^X ,^yv

V

Vx
A
A
x

x

------------ 4l-x 4R

A

XXXIXXXIXXXIIXXXXXIXIA
5 61L 6p -7
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DISTANCE FROM LEFT ENO OF MEMBER (O SECTION UNDER EXAMINATION iS 300.0000

SFY : .0000 SFZ .0000

SHY2 .0000 SHY4 0000
SHZ2 .0o00

BMY : .0000 11Z = 2100.0000
BSY1 .0000 3SZ1 : -12.1387

AXSTR -. 3125

TORSION MOMENT : 50.0000 LOCATION 210,0000
PHI: .62070E-01 PHI!: .18307E-03 PHI2: ,P1209E-10 FHI3: ,21890E-07

TOR. SHR. WEB 1.076437 TOR. SHR. FLANGE z 1.763307
WARP. SAR. STR. -. 129526 WARP. NOR. SIR. : .000044

UNIFORMLY DISTRIBUTED TORSIONAL mCMEvr : .25000000 ENPING AT 210.000000 FPLI ~lF

PHI: .33592E-01 PHi!= .53550E-04 PHI2: .912913E-1 PHI3: .72607E-09

TOR. SHR. WEB : .314871 OR, SHR. FLANGE : 51578,
WARP. SHR. SIR. : -. 0378'8 WARP, NOR. STR. .000013

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WED : 1.391308 TOR. EHR. FLANE = 2. 279095
WARP. SHR, STR. : -. 107413 WARP. NOT. STR, : .000057
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS -

-12.451230 -. 000057 -12.451290

3 -12.451230 .0000 7 -12.451170

5 11.826230 .000057 11.826290

7 11.826230 -. 000057 11.826170

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L .000000 2.111682 2.111682

2R .000000 2.111682 2.111682

4L .000000 -1.391308 -1.391308

4R .000000 1.331308 1.331303

6L .000000 -2.111682 -2.111682

6R .000000 -2.111682 -2.111682

POINT LOCATIONS OF COMPUTED STRESSES

tY

I 2L 1 2R 3
XXXXXXXXXXZXXXXXXXX•X

x
x
x
x
x

X

------------- 4L1- 4R
x
x
x

x
x

x

X

5 6L 6R 7
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"TORSION" PROGRAM INPUT FILE

Problem: 2
Beam Selected: W14x159

End Conditions: Pinned-Fixed

'W-FLANGE' 'W14x159'
46.7 0.745 1.19
14.98 15.565
748.0 96.2
1900.0 254.0
19.8 29000.0 11200.0
432.0
3
0.0 108.0 432.0
0.0 7.59 0.0
-54.0 0.0 0.0
'PIN-FIX'

1
108.0 0.0 -12.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.25

----------------
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INPUT DATA PROBLEM 2

WIDE FLANGE SECTION W14XI59

AREA: 46.7000 THW: .7450 THF: 1.1900

IY: 748.0000 SY: 96.2000 IZ: 1900.0000 SZ: 254.0000 ZD: 15.5650

J: 19.8000 CW: 35555.8900 WNI: 53.6603
SW2: 24B.47B9 E: 29000.0000 G: 11200.0000

GY2: 60.7994 GY4: 142.4961 Q22: 35.9550

LENG7H: 432.0000

SECTIONS WHERE STRESSES ARE TO BE CHECKED

.0000

108.0000

432.0000
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LEFT END FORCES

FX: .0000 FY: 7.5900 FZ: .0000
MX: -54.0000 MY: .0000 MZ: .0000

1 SET OF APPLIED CONCENTRATED LOADS ARE AT 108.00 INCHES FROM LEFT END

FX: .0000 FY: -12.0000 FZ: .0000
MX: .0000 MY: .0000 mZ: .0000

UNIFORM LOAD ON MEMBER IN Y-DIR.

WY: .0000 LAY: .0000 LBY: .0000

UNIFORM LOAD ON MEMBER IN H-DIR

WZ: .0000 LAZ: .0000 LBZ: .0000

UNIFORMLY OITRIBUTEO TORSIONAL LOAD IS

WX: .2500

MEMBER END CONDITIONS ARE PIN-FIX
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DISTANCE FROM LEFT END OF MEMBER 10 SECTION UNDER EXAMINATION IS .O000

SFY : -7:5900 SFZ = .0000

SHY2 = -. 2041 SHY4 = -. 7641
SHZ2 = .0000

BMY = .0000 BMZ = .0000
BSYI : .0000 BSZI = .0000

AXSIR = .0000

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT ..2500
PHI= .OOOOOE+00 PHIl= .13633E-03 PHI2z .4277BE-13 P1113= -. 16323E-07

TOR. SHR. WEB z 1.137506 TOR, SHR. FLANGE = !.816956
WARP. SHR. STR. : .098842 WARP. NOR. STR. = .000000

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB = 1.137506 TOR. SHR. FLANGE = I.816956
WARP. SHR. STR. : .098842 WARP. NOR. STR. = .000000
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

---- .0000-0 .000 .000

3 .000000 .000000 .000000

3 .000000 .000000 .000000

5 .000000 .000000 .000000

7 .000000 .000000 .000000

SHEAR S1RESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED CTRESS

2L -. 204099 1.915799 1,711700

2R .204099 1.915799 2.119897

4L -. 764073 -1.137506 -1.901579

4R -. 764073 1.137506 .373433

6L .204099 -1.915799 -1.711700

6R -. 204039 -1.915739 -2.119897

POINT LOCATIONS OF COMPUTED 3TRESSES

+Y
I

I

I
I

I 2L I -R 3
xxxxxxxxxxxxxxxxxxxxx

x
x

x
x
x
x

XZ( -- - 6X R
X

X
X
x
x

+Z< ...... .4L x 4
X

xxx Xxxxxxx
5XL 6
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DISTANCE FROM LEFT END OF MEMBER 70 SECTION UNDER EXAMINATION IS 108.0000

SFY -7.5900 SFZ : .0000

SHY2 : -. 2041 SHY4 = -. 7641
SHZ2 .0000

BMY : .0000 DMZ = 219.7200
BSYI .0000 BSZI I -3.2272

AXSIR : .0000

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT .,2500
PHI= .12334E-01 PHIl: .77173E-04 PHI2= -.86267E-06 PHI3= -. 28600E-0B

TOR. SHR. WEB = .643927 TOR. SHR. FLANGE : 1.028555
WARP. SHR. STR. = .017318 WARP. NOR. STR. = -1.342432

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB = .643927 TOR. SHR. FLANGE = 1.028555
WARP. SHR. STR. = .017318 WARP. NOR. STR. : -1.342438
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

1 -3.227244 1.342438 -1.884806

3 -3,227244 -1.342438 -4.,59682

5 3.227244 -1.342438 1.884806

7 3.227244 1.342438 4,569682

SHEAR STRESSES (rST)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L -. 204099 1.045874 .841775

2R .204099 1.045874 1.249372

4L -. 764073 -. 643927 -1.408001

4R -. 764073 .643327 -. 120146

6L .204099 -1.045874 -. 841775

6R -. 204099 -1.045874 -1,249372

POINT LOCATIONS OF COMPUTED STRESSES

fY
I
I
I
I

I 2L I 2R 3
XXxXXXXXXXIIXXXxXXXXX

x

x
Ay

x
x
x

-Z(---------4L-Iy 4R
x
x
x
x
x
x
x

5 6L 6R 7
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DISTANCE FROM LEFT END OF MEMBER To SECTION UNDER EXAMINATION IS 432.0000

SFY = 4.4100 SFZ = .0000

SHY2 = .1186 SHY4 = .4439
SHZ2 : .0000

BMY = .0000 BMZ : -609.1199
BSYI : .0000 BSZ 1 2.3931

AXSTR :.000

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT .2500
PHI= .72407E-07 PHIl= .10643E-11 PEI2= .29064E-05 PHI3: .59098E-Q7

TOR. SHR. WEB : .000000 TOR. SHR. FLANGE : .000000
WARP. SHR. STR. : -. 357860 WARP. NOR. STR. = 4.522865

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB .000000 TOR, SHR. FLANGE : .000000
WARP. SHR. SIR. : -. 357860 WARP. NOR. STR. = 4.522665
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COdBINED STRESS

1 2.398110 -4.522865 -2.12475r

3 2.398110 4.522865 6.920975

5 -2.398110 4.522865 2.124755

7 -2.398110 -4.522865 -6.920375

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

21 .118587 -. 357860 -. 239273

2R -. 118587 -. 357860 -. 476447

4L .443948 .000000 .443948

4R .443948 .000000 ,443948

6L -. 118587 .357860 .239273

6R .118587 .357tG0 .476447

POINT LOCATIONS OF COMPUTED STRESSES

x
x
Y

A

x
x

x
Z(--------- 4L-X 4R

x
I
x

x
x
x

I

5 6L 6R 7
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"TORSION" PROGRAM INPUT FILE

Problem: 3
Beam Selected: W12x79

End Conditions: Pinned-Pinned

'W-FLANGE' 'W12x79'
23.2 0.470 0.735
12.38 12.08
216.0 35.8
662.0 107.0
3.84 29000.0 11200.0
360.0
4
0.0 36.0 252.0 360.0
0.0 0.0 0.0
-61.5 0.0 0.0
'PIN-PIN'
2
36.0 0.0 0.0 0.0 60.0 0.0 0.0
252.0 0.0 0.0 0.0 25.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0
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INPUT DATA PROBLEM 3

WIDE FLANGE SECTiON W12X79

AREA: 23.2000 THW; .4700 THF: .7350

IY: 216.0000 SY: 35.8000 IZ: 662.0000 SZ: 107.000 Z !2: 2.0E00

J: 3.8400 CW: 7320.7550 WI: 35.1679
* SW2: 78.0622 E: 29000.0000 G: 11200.0000

OY2: 24.8427 QY4: 53.6897 912: 13.3B67

LENGTH: 360.0000

SECTIONS WHERE STRESSES ARE TO BE CHECKED

.0000

36.0000

252.0000

360.0000
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LEFF END FORCES

FX: .0000 FY: .0000 FZ: .0000
MX: -61.5000 MY: .0000 ?1: ,0000

I SET OF APPLIED CONCENTRATED LOADS ARE AT 36.00 INCHES FROM LEFT END

FX: .0000 FY: .0000 FZ: .0000
MX: 60.0000 MY: .0000 •i: .0000

2 SET OF APPLIED CONCENTRATED LOADS ARE AT 2,2.00 INCHES FROM LEFT END

FX: .0000 FY: .0000 FZ: .0000
MX: 25.0000 MY: .0000 KZ: .0000

UNIFORM LOAD ON MEMBER IN Y-DIR

WY: .0000 LAY: .0000 LSY: .0 00

UNIFORM LOAD ON MEMBER IN Z-DIR

WI: .0000 LAZ: .0000 LSZ: .0000

UNIFORMLY DITRIBUTED TORSIONAL LOAD IS

WX: .0000,

MEMBER END CONDITIONS ARE PIN-PIN
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS .0000

SFY : .0000 STZ = 0000

SHY2 z .0000 SHY4 = .0000
SHZ2 = 10000

MY = .0000 0000
BSYI : .0000 BS7 : ,000

AXSIR = .0000

TORSION MOMENT : 6.O0000 LOCATION = 35.0000
PHI: .OOOOOE+00 PHII: .41989E-03 PH12: .O0000E+00 P'V3: -,

TOR. SHR. WEB : 2.210269 TOP. SHR, FLANGE z 14.,J651
WARP. SHR. STR. : .521427 WARP. NOR. STR. : .000000

TORSION MOMENT : 2j.0000 LOCATION : 252.0000
PHI= ,O0000E+00 PHII= .15303E-03 PHI2:=.OOOOOE+O0 0 .o3: -.2•00E-S

TOR. SHR. WEB : .837155 TOR. SHR. FLANGE : I .3 031G
WARP. SHR. STR. : .003573 WARP. NOR. . : .000000

COMBINEo TORSIONAL INDUCED STRESSES

TOR. SHR. WEB : 3.047444 TOR. SHR. FLANGE = 4.765604
WARP. SHR. STR. : .531006 WARP. NOR. STR. : .000000
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSIOP IORSION ONLY COMBINED STRESS

.000000 .000000 .000000

3 .000000 .000000 .000000

5 .000000 .000000 .000000

7 .000000 .000000 .000000

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L .000000 5.2%690 5.296690

2R .000000 5.296690 5.296,30

4L .000000 -3.047444 -3.047444

4R .000000 3.04;7444 3,047444

6L .000000 -5.296690 -5.296690

6R .000000 -5.2966'30 -5.2'G')0

POINT LOCATIONS OF COMPUTED STRESSES

fY
I

II :I
I 2L I 2R 3

I 0X0XXXX00XX 0XXX0XXXXX
x

x
x
x
xx

+V --------- 4L-X 4R

I 0

x
x

5 6L 6R 7
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXANINATION IS 36.0000

SFY : .0000 SFZ : .0000

SHY2 .0000 SHY4 = .0000
SHZ2 .0000

BMY .0000 BMZ = .0000
BSYI .0000 BSZI : .0000

AXSTR = .0000

TORSION MOMENT = 60.0000 LOCATION = 36.0000
PHI: .13782E-01 PHIl= .3077GE-03 PHI2= -. 63G48E-05 F111 -, = 20E-0G

FOR. SHR. WEB z 1.620063 TOR. SHR. FLANGE : 2.533512
WARP. SHR. STR. : .591386 WARP. NOR. STR. = -6.491257

TORSION MOMENT = 25.0000 LOCATION = 252.0000
PHI= .57007E-02 PHIl= .15597E-03 Pi2: -. IIG92E-0G PHIS: -.35273E-09

TOR. SHR. WEB = .826313 TOR. SHR. FLANGE = 1.292212
WARP. SHR. STR. z .010864 WARP. NOR. STR. -,119246

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB = 2.446382 TOR. SHR. FLANGE = 3.825725
WARP. SHR. STR. : .602250 WARP. NOR. STR. : -6,610505

C-25



NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

.000000 6.6-0505 6,610505

3 .000000 -6.610505 -6,610505

5 .000000 -6.610505 -6.610505

7 .000000 6,610505 6.610505

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

- 2L 000000 4.427975 4.427975

2R .000000 4.427975 4.427975

42 .000000 -2,446382. -2.44632

4R .000000 2.446382 2.446382

6L .000000 -4.427975 -4.427K75

6R .000000 -4.427975 -4,427975

POINT LOCATIONS OF COMPUTED STRESSES

I
I
I

I 2L I 2R 3
XXXXXXXXXXXXXXXXXXXXX

I
I
I
x
x
x
x

5Z( 6- - 7X
X

X
X
X

x
x

xxx xxxxxxxx

5 6L 6R 7
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DISTANCE FROM LEFT END OF MEMBER ro SECTION UNDER EXAMINATION IS 252.0000

SFY = .0000 SFZ = .0000

SHY2 = .0000 SHY4 = .0000
SHZ2 : .0000

BMY .0000 DMU .0000
BSYI .0000 BSZI = .0000

AXSTR .0000

TORSION MOMENT : 60.0000 LOCATION 36.0000
PHI= .13682E-01 PHIl: -. 1178BE-03 PHI2: -. 280O60E-06 PHI3= .43808TE-0

fOR. SHR. WEB : -. 620541 TOR. SHR. FLANGE = -. 970421
WARP. SHR. STR. -. 013493 WARP. NOR. STR. : -. 2B6171

TORSION MOMENT : 25,0000 LOCATION : 252.0000
PHI: .24483E-01 PHIl: -. 10305E-03 PHI2: -. 39427E-05 PHI3: -. 5G203E-07
TOR. SXR. WEC : -. 542465 TOR. SHR. FLANGE : -.043323

WARP. SHR. STR. : .173106 WARP. NOR. STR. = -4.021075

COMBINED TORSIONAL I1DUCED STRESSES

TOR. SHR. WEB -1. 163006 TOR. SHR. FLANGE = -I. B187,13
WARP. SHR. STR. = .159613 WARP. NOR; STR. = -4.307246
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

1 .000000 4.307246 4.307246

3 .000000 -4.307246 -4.307246

5 .000000 -4.307246 -4.307246

7 .000000 4.307246 4.307246

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

21 .000000 -1.659130 -1.659130

2R .000000 -1.659130 -1.659130

4L .000000 1.163006 1.163006

4R .000000 -1.163006 -1.163006

6L .000000 1.659130 1.659130

6R .000000 1.659130 1,609130

POINT LOCATIONS OF COMPUTED STRESSES

+Y

I

I

I

I 2L I 2R 3
xxx•xxxxxxxxxxxxHxxx

x
x
x
x
x

X

X

+Z(< - - - -4L-X 4R
X
[
X
X
X
X

XIXXIIXHXXXIXIXIXIX

5 6L 6R 7
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS 360.0000

SFY = .0000 SFZ z .0000

SHY2 = .0000 SHY4 z .0000
SHZ2 = .0000

BmY = .0000 DMZ = .0000
BSYI .0000 BSZI = .0000

AXSTR : .0000

TORSION MOMENT = 60.0000 LOCATION : 36.0000
PHI= .50615E-07 PHIl= -. 13062E-03 PH12: .12315E-10 PH13= .1'002E-09

TOR. SHR. WEB = -. 687598 TOR. SHR. FLANGE -1.075287
WARP. SHR. STR. : -. 005544 WARP. NOR. STR. : .000013

TORSION MOMENT = 25.0000 LOCATION = 252.0000
PHI: .35712E-07 PHIl: -. 2820GE-03 PHI2= .71444E-11 PH13I .25290E-07

TOR. SHR. WEB = -1.484768 TOR. SHR. FLANGE = -2.321924
WARP. SHR. STR. = -. 077894 WARP. NOR. STR. = .000007

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB = -2.172366 TOR. SHR. FLANGE : -3.3972!1
WARP. SHR. STR. : -. 083438 WARP, NOR. STR. : .000020

C-29



NORMAL STRESSES (KSI)

POINT WIHOUT TORSION TORSION ONLY COMBINED STRESS

1 .000000 -. 000020 -. 000020

3 .000000 .000020 .000020

5 .000000 .000020 .000020

5 .000000 -. 000020 -. 000020

SHEAR STRESSES (KSI)

POINT WITHOUI TORSION TORSION ONLY COMBINED STRESS

21 .000000 -3.480649 -3.480649

2R .000000 -3.480649 -3.480649

41 .000000 2.172366 2.172366

4R .000000 -2.172366 -2.172366

64 .000000 3.480649 3.480643

6R .000000 3.480649 3.480649

POINT LOCATIONS OF COMPUTED STRESSES

+Y

I

I
I
I

I 2L I 2R 3
xxx•xxxxxxxxxxxxxxxxx

x
x
x
x
x
I
x

IZ( --------- 4 1 IX 4R IXI

x
x
X

x
X

x

5 61 6R 7

C-3 0



"TORSION" PROGRAM INPUT FILE

Problem: 4
Beam Selected: W14x9O

End Conditions: Fixed-Fixed

'W-FLANGE' 'W14x9O'
26.5 0.440 0.710
14.02 14.52
362.0 49.9
999.0 143.0
4.06 29000.0 11200.0
480.0
3
0.0 240.0 480.0
0.0 12.0 0.0
-97.0 0.0 -960.0
'FIX-FIX'
1
240.0 0.0 0.0 0.0 50.0 0.0 0.0
-0.05 0.0 480.0
0.0 0.0 0.0
0.3
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INPUT DATA PROBLEM 4

WIDE FLANGE SECTIONJ WI4X')O

AREA: 26.5000 THW: .4400 THF; .7100

IY: 362.0000 SY: 49,8000 IZ: 999.0000 SZ: 143.0000 ZO: 14.5200

3: 4.0600 CW: 16043.6500 WNI: 48,3153
SW2: 124.5230 E: 29000.0000 G: 11200.0000

QY2: 33.2644 OY4: 77.3395 OZ2: 18.6940

LENGrMi: 480.0000

SECTIONS WHERE SMRESSES ARE TO BE CHECKED

.0000

240,0000

480.0000
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LEFT END FORCES

FX: .0000 FY: 12.0000 FZ: .0000
Mx: -97.0000 MY: .0000 MZ: -60.0000

I SEI OF APPLIED CONCENTRATED LOADS ARE AT . 3 INCHES FROM LEFT END

FX: .0000 FY: .0000 FZ: .0000
MX: 50.0000 MY: .0000 Ni: .0000

UNIFORM LOAD ON MEMBER IN Y-DIR

WY: -. 0500 LAY: .0000 LBY: 480.0000

UNIFORM LOAD ON MEMBER IN Z-DIR

WZ: .0000 LAZ: .0000 LBZ: .0000

UNIFORMLY DITRIBUTED TORSIONAL LOAD IS

WX: .3000

MEMBER END CONDITIONS ARE FIX-FIX

C-33



DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS .0000

SFY -12.0000 SFZ : .0000

SHY2 : -.5628 SHY4 -2.1114
SHZ2 .0000

BMY : .0000 BMZ : 960.0000
BSYI : .0000 BSZI : -G.7133

AXSTR : .0000

TORSION MOMENT : 50.0000 LOCATION : 240.0000
PHI= .OOOOOE+00 PHIl= 'O0000E+00 PH12= .45082E-05 PHI3= -. 53733E-07

TOR. SHR. WEB z .000000 TOR. SHR, FLANGE : .000000
WARP. SHR. SIR. : .273293 WARP. NOR. SIR. = 6.316594

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT : .3000
PHI= .OOOOOE+00 PHIl: .OOOOOE+00 Pit12: .93305E-05 PIHl3: -. 15475E-06

TOR. SHR. WEB .000000 TOR. SHR. FLANGE = .000000
WARP. SHR. SIR. .7B7083 WARP. NOR. STR. = 13.073370

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB = .000000 TOR. SHR. FLANGE = .000000
WARP. SHR. STR. : 1.060376 WARP. NOR. STR. : 19.389970
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

I -6.713287 -19.389970 -26.1ý3250

3 -6.713287 19.389370 12.676680

5 6.713287 19.389970 26.103250

7 6.713287 -19.368370 -12.676G80

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L -. 562777 1.060376 .497599

2R .562777 1.060376 1.623154

4L -2.111371 .000000 -2.111371

4R -2.111371 ,000000 -2.111371

61 .562777 -1.060376 -. 497599

6R -. 562777 -1.060376 -1.623154

POINT LOCATIONS OF COMPUTED STRESSES

+Y

I
I
I
I

I 2L 1 2R 3
xxxxxxxxxxxxxxxxxxxIX

x
x
x
x
x
x
x

5Z 61- RX
x

X
X
X
X

I
X

5 6L GR 7
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS 240.0000

SFY .0000 SFZ .0000

SHY2 .0000 SHY4 .0000
SHZ2 .0DuO

BMY .0000 BMZ : 2400.0000
BSYI z .0000 BSZI = -16.7832

AXSTR = .0000

TORSION MOMENT 50.0000 LOCATION -240.0000
PHI: .39695E-01 PHIl: .29067E-08 PHI2: -. 450SIE-05 PHI3: -. 53732E-07

TOR. SHR. WEB z .000014 TOR. SHR. FLANGE z .000023
WARP. SHR. SIR. : .273291 WARP. NOR. STR. : -6.316549

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT .3000
PHI= .57161E-01 PHI!: -. 14459E-09 PHI2= -. 36530E-05 PHI3: -. 15047E-13

TOR. SHR. WEB - -. 000001 TOR. SHR. FLANGE z -. 000001
WARP. SHR. STR. .000000 WARP. NOR. STR, = -5.118407

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB = .000014 TOR. SHR. FLANGE = .000022
WARP. SHR. STR. : .273292 WARP. NCR. STR. : -11.434960
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

1 -16.783220 11.434960 -5.348261

3 -16.763220 -11.434360 -28.218170

5 16.783220 -11.434960 5.348261

7 16.783220 11.434960 28.216170

SHEAR SIRESSES (KSI)

POINT WITHOUT TORSION TORSION' ONLY COMDiNED STRESS

2L .000000 .273313 .273313

2R .000000 .273313 ,273313

4L .000000 -. 000014 -. 000014

4R .000000 .000014 .0000!4

6L .000000 -. 273313 -. 273313

6R .00000 -. 273313 -.272313

POINT LOCATIONS OF COMPUTED STRESSES

*Y
I
I
I
I

I 2L I 2R 3
XXXXXXXXXXXYXXIXXXX

x
x
x
x
x

+Z--------4L-X 4R
x

x
x
x
x

IXXXXXII XXIIIIIIXII
5 6L 6R 7
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DISTANCE FROM LEFT END OF MEMBER [O SECTION.UNDER EXAMINATION IS 480.0000

SFY = J2.0000 SFZ .,0000

SHY2 : .5628 SHY4 : 2.1114
SHZ2 = .0000

DMY : .0000 BQZ = 9GO.0000
BSYt z .0000 SZI = -6.7133

AXSIR = .0000

TORSION MOMENT z 50.0000 LOCATION = 240.0000
PHI= .28276E-05 PHIl: -. 67223E-09 PH12= .45084E-05 P113: ,53733E-07

TOR. SHR. WEB : -. 000003 TOR. SHR. FLANGE -. 000005
WARP. SHR. SIR. : -. 273292 WARP. NOR. SIR. - 6.316S73

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT1 .3000
PHI: -. 10165E-05 PHI!= -. 16137E-0B PHI2: .93304E-05 PH!3= .15475E-0G

TOR. SHR. WEB : -. 000000 TOR. SHR. FLANGE -. 000013
WARP. SHR. STR. : -.787083 WARP. NOR. SIR. 13.073230

COMBINED TORS!ONAL INDUCED STRESSES

fOR. SHR. WEB = -. 000011 lOR. SHR. FLANGE - -. 000012
WARP. SHR. SrR. : -1.060375 WARP. NOR. STR, 19.390200
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

1 -6.713287 -19.390200 -26.103490

3 -6.113287 19.390200 12.676920)

5 6.713287 19.390200 26.103490

7 6.713287 -19.390200 -12.676920

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L .562777 -1.060393 -. 497616

2R -. 562777 -1.060393 -1.623170

4L 2.111371 .000011 2.111382

4R 2.111371 -. 000011 2.111360

6L -. 562777 1.060393 .497616

6R .562777 1.060393 1.623170

POINT LOCATIONS OF COMPUTED STRESSES

+Y
I
I
I
I

I 2L 1 2R 3
XXIIXXXxIXXxXXXXXXxx

x
x
x

x
x
x

x
+----..... L-X 4R

x

x
xI
I

XHXXXXXIXXIXXIXXXIXIX

5 6L 6R 7
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"TORSION" PROGRAM INPUT FILE

Problem: 5
Beam Selected: W8x15

End Conditions: Fixed-Free

---------------------------------------

'W-FLANGE' 'W~x15'
4.44 0.245 0.315
8.11 4.015
3.41 1.7
48.0 11.8
0.136 29000.0 11200.0
60.0
3
0.0 18.0 60.0
0.0 5.0 0.0
-30.0 0.0 -150.0
'FIX-FRE'
1
18.0 0.0 0.0 0.0 30.0 0.0 0.0
-0.0833 0.0 60.0
0.0 0.0 0.0
0.0 0.0
ly'

- - ---------------------------

I
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INPUT DATA PROBLEM 5

WIDE FLANGE SECTION W8X15

AREA: 4.4400 THW: .2450 THF: .3150

IY: 3.4100 SY: 1.7000 IZ: 48.0000 SZ: 11.8000 ZO: 4.0150

J: .1360 CW: 51.6164 WNI: 7.3242
SW2: 2.4739 E: 29000.0000 6: 11200.0000

GY2: 2.3142 OY4: 6.6427 QZ2: ,G324

LENGTH: 60.0000

SECTIONS WHERE STRESSES ARE TO BE CHECKED

.0000

18.0000

60.0000
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LEFT END FORCES

FX: .0000 FY: 5.0000 Fl: .0000
MX: -30.0000 MY: .0000 MZ: -150.0000

I SET OF APPLIED CONCENTRATED LOADS ARE AT 18.00 INCHES FROM LEFT END

FX: .0000 FY: .0000 FZ: .0000
MI: 30.0000 MY: .0000 1Z: .0000

UNIFORM LOAD ON MEMBER IN Y-DIR

WY: -. 0833 LAY: .0000 LBY: 60.0000

UNIFORM LOAD ON MEMBER IN Z-DIR

WZ: ,0000 LAZ: .0000 LBZ: .0000

UNIFORMLY DITRIBUTED TORSIONAL LOAD IS

WX: .0000 LX: .0000

MEMBER END CONDITIONS ARE FIX-FRE
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS .0000

SFY = -5.0000 SFZ = .0000

SHY2 = -. 7653 SHY4 = -2.8243
SHZ2 : .0000

BMY = .0000 BMZ = 150.0000

BSYI = .0000 BSZ1 = -12.7119

.AXSTR = .0000

TORSION MOMENT = 30.0000 LOCATION = 18.0000
PHI= .OOOOOE+00 PHIl= .OOOOOE+00 PHI2= .27B99E-03 PHI3= -. 20042E-04

TOR. SHR. WEB : .000000 TOR. SHR. FLANGE = .000000
WARP. SHR. STR. = 4.564575 WARP. NOR. STR. : 63.303330

COMBINEO TORSIONAL INDUCED STRESSES

TOR. SHR. WEB = .000000 TOR. SHR. FLANGE = .000000
WARP. SHR. STR. z 4.564575 WARP. NOR. STR. 63.303330
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

I -12.711860 -63.303330 -76.015200

3 -12.711860 63.303330 50.591470

5 12.711860 63.303330 76.015200

7 12.711860 -63.303330 -50.591470

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L -. 765290 4.564575 3.799284

2R .765290 4.564575 5.329865

4L -2.824297 .000000 -2.824297

4R -2.824297 .000000 -2.824297

6L .765290 -4.564575 -3.799284

6R -. 765290 -4.564575 -5.329865

POINT LOCATIONS OF COMPUTED STRESSES

fY
I
I
I
I

I 2L I 2R 3
HXXIXXXXIXXIXIXIXIXXX

x
x
x
x
x
x
x

-------- -------- 4L1- 4R
x
x
x
x
x
x
x

.j 61 GR 7
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS 18,0000

SFY : -3.5001 SFZ : ,0000

SHY2 : -. 5357 SHY4 : -1.9770
SHZ2 = .0000

BMY : .0000 pi 1 226.5005
BSYI : .0000 BSZI -19.1950

AXSTR = .0000

TORSION MOMENT = 30.0000 LOCATION = 18.0000
PHI= .26647E-01 PHIl= .19654E-02 PH12= -. 54646E-04 PHI3: -. 18042E-04

TOR. SHR. WEB : 5.393003 TOR. SHR. FLANGE : 6.933861
WARP. SHR. STR. : 4.10908I WARP. NOR. STR. = -12.399340

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB = 5.393003 IOR. SHR. FLANGE = 6.933861
WARP. SHR. STR, : 4.109081 WARP. NOR. STR. = -12.399340
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

1 -19.194960 12.399340 -6.795623

3 -19.194960 -12.399340 -31.594300

5 19.194960 -12.399340 6.795623

7 19.194360 12.339340 31.594300

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L -. 535712 11.042940 10,507230

2R .535712 11.042940 11.578650

4L -1.977042 -5.393003 -7.370045

4R -1.977042 5.393003 3.415961

I. 6L .535712 -11.042940 -10.507230

GR -,535712 -11.042940 -11,578650

POINT LOCATIONS OF COMPUTED STRESSES

+Y
I
I
I
I

I 2L I 2R 3
XIXIIXXXXIXIXIXIXIXXX

x
x
x
x
x
x
x

--------- -------- 4L-X4
x
x
x
x
I
I
x

IIxIxIIxxIIxIIxxIxxxx

5 61 6R 7
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS 60.0000

SFY = -. 0002 SFZ = .0000

SHY2 = .0000 SHY4 = -10001
SHZ2 = .0000

BMY .0000 BMZ = 300.0060
BSYI .0000 BSZ1 = -25.4242

AXSTR .0000

TORSION MOMENT : 30.0000 LOCATION 18.0000
PHI: .80349E-01 PHIlI .96339E-03 PHI2= .63497E-11 PHI3= .98034E-06

TOR. SHR. WEB 2.643553 TOR, SHR. FLANGE = 3.398853
WARP. SHR. STR. -. 223275 WARP. NOR. SIR. = .O000001

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB - 2.643553 TOR. SHR. FLANGE = 3.398853
WARP. SHR, STR. - -. 223275 WARP. NOR. SIR. = .000001
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NORNAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

1 -25.424230 -.- 00000 -25.424240

3 -25.424230 .000001 -25.424230

5 25.424230 .000001 25.424240

7 25.424230 -. 000001 25,424230

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

S2L -. 000031 3.175578 3.175548

2R .000031 3.175578 3.175609

4L -. 000113 -2.643553 -2.643666

4R -. 000113 2.643553 2.643440

6L .000031 -3.175578 -3.175548

6R -. 000031 -3.175578 -3.175609

POINT LOCATIONS OF COMPUTED STRESSES

+Y
I

I 2L I 2R 3
XIXXXXXXXXXXXXXXXXX

x
x
x
x
x
x
x

+Z( ..------- 4L-X 4R
X
x
X
X
X
X
X

XXXIXXXXxIXXXXIXxIIX
5 6L 6R 7
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"TORSION" PROGRAM INPUT FILE

Problem: 6
Beam Selected: W10x49

End Conditions: Fixed-Free

--------------------------

'W-FLANGE' 'W10x49'
14.4 0.34 0.56
9.98 10.0
93.4 18.7
272.0 54.6
1.38 29000.0 11200.0
192.0
3
0.0 96.0 192.0
0.0 -2.0 0.0
-38.4 0.0 576.0
'FIX-FRE'
2
96.0 0.0 -2.0 0.0 0.0 0.0 0.0
192.0 0.0 4.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.4 96.0
lY-
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INPUT DATA PROBLEM 6

WIDE FLANGE SECTION WIOX49

AREA: 14.4000 [HW: .3400 THF: .5600

IY: 93.4000 SY: 18,7000 IZ: 272.0000 Sz: 54.6000 ZD: 10.0000

J: 1.3800 CW: 2070.5160 WNI: 23,5500
* SW2: 32.9700 E: 29000.0000 G: 11200.0000

0Y2: 12.7396 GY4: 29.7122 OZ2: 6.91319

LENGTH: 192.0000

SECTIONS WHERE STRESSES ARE TO BE CHECKED

.0000

96.0000

192.0000
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LEFT END FORCES

FX: .0000 FY: -2.0000 FZ: .0000
MX: -38.4000 MY: .0000 17: 576.0000

I SET OF APPLIED CONCENTRATED LOADS ARE AT 96.00 INCHES FROM LEFT END

FX: .0000 FY: -2.0000 FZ: .0000
MX: .0000 MY: .0000 MZ: .0000

2 SET OF APPLIED CONCENTRATED LOADS ARE AT t32.00 INCHES FROM LEFT END

FX: .0000 FY: 4.0000 FZ: .0000
MX: .0000 MY: .0000 MZ: .0-00

UNIFORM LOAD ON MEMBER IN Y-DIR

WY: .0000 LAY: .0000 LHY: ,0000

UNIFORM LOAD ON MEMBER IN Z-DIR

WI: .0000 LAZ: .0000 Loz: .0000

UNIFORMLY DITRIBUTED TORSIONAL LOAD IS

WX: .4000 LX: 96.0000

MEMBER END CONDITIONS ARE FIX-FRE
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I.
DISTANCE FROM LEFT ENO OF MEMBER T0 SECTION UNDER EXAMINATION IS .0000

SFY. = 2.0000 SFZ = .0000

SHY2 = .1673 SHY4 = .6426
SHZ2 .0000

BMY .0000 BM7 = -576.0000
BSYI .0000 8SZI = 10.5435

AXSTR .0000

UNIFORMLY DISTRIBUTED TORSIDiOAL MOMENT .40000000 ENDING AT 96.00000 FROM LEFi END

PHI .OO0O0E+0O PHIl= .OOOOOE+00 PHI2: .19602E-04 PHI3= -. 63952E-06

I TOR. SHR. WEB = .000000 TOR. SHR. FLANGE : .000000
WARP. SHR. STR. : 1.091902 WARP. NOR. STR. = 13.387470I

1. COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB : .000000 TOR. SHR. FLANGE = .000000
WARP. SHR. STR. : 1,091902 WARP. NOR. STR. = 13.387470

I
I
I
I
I
I
I
I
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

1 10.549450 -13.387470 -2.038023

3 10.549450 13.367470 23.936920

5 -10,549450 13.387470 2.838023

7 -10.549450 -13.387470 -23.936920

SHEAR SiRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L .167274 1.091902 1.259176

2R -. 167274 1.091902 .924628

4L .642566 .000000 .642566

4R .642566 .000000 .642566

6L -. 167274 -1,091902 -1.259176

6R .167274 -1.091902 -. 924628

POINT LOCATIONS OF COMPUTED STRESSES

+Y
I

I 2L I2R 3
XXXXXXXIXXXXIXXXXIXXX

x
x
I
x
I
I
I

- ---------4L1I 4R
x
x
x
x
x
x
x

xxxxxxx[xxxxxxxxxxxZX

5 61 6R 7
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS 96.0000

SFY 2.0000 SFZ : .0000

SHY2 : .1673 SHY4 : .6426
SHZ2 .0000

BMY .0000 BMZ = -768.0000
BSYI : .0000 BSZI = 14.0659

AXSTR .0000

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT = .40000000 ENDING AT 96.00000 FROM LEFT END

PHI= .29039E-01 PHII= .24734E-03 PHI2: -. 36197E-05 PHI3: .G3667E-07

TOR. SHR. WEB = .941862 TOR. SHR. FLANGE = 1.551303
WARP. SHR. STR. : -. 108703 WARP. NOR. STR. = -2.472049

I COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB : 1941862 TOR, SHR. FLANGE : 1.551303I WARP. SHR, STR, : -.t08703 WARP. N9R. SIR. : -2.472M49

I
I

I
I
I
I
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NORMAL STRESSES (KSI)

"POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

1 14.065930 2.472049 16.537980

I 14.065930 -2.472049 11.533890

5 -14.065930 -2.472049 -16.537980

7 -14.065930 2.472049 -11.593890

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L .167274 1.442600 1.609875

2R -. 167274 1.442600 1.275326

4L .642566 -. 941862 -. 299297

4R .642566 .94862 1.584428

6L -. 167274 -1.442600 -1.609875

6R .167274 -1.442600 -1.275326

POINT LOCATIONS OF COMPUTED STRESSES

+Y
I

I

I
I

I 2L I 2R 3
xxxxxxxxxxxxxxxxxxxxx

X
X
X

+Z< --------- 4L-X 4R
xx

x

x
X

5 6L 6R 7
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DISTANCE FROM LEFt END OF MEMBER TO SECTION UNDER EXAMINATION IS 192,0000

SFY.: 4.0000 SFZ z .0000

SHY2 = .3345 SHY4 = 1,2851
SHZ2 = .0000

BMY = .0000 BmZ L -1152,0000
BSYI : .0000 BSZI : 21.0989

AXSTR ,0000

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT : .40000000 ENDING AT 96.00000 FROM LEFT END

PHI: .43101E-01 PHI!: .10137E-03 PH12= -. 26550E-11 PHI3: .26093E-07

TOR. SHR. WEB .386014 TOR. SHR, FLANGE = .635787
WARP, SHR. SIR. -. 044551 WARP. NOR. STR. : -,000002

COMBIN~n TORSIONAL INDUCED STRESSES

TOR. SHR. WEB : .386014 TOR. SHR. FLANGE = .635787
WARP. SHR. STR. : -. 044551 WARP. KOR. STR. : -. 000002

I C-56
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

1 21.098900 .000002 21.098900

3 21.098900 -. 000002 21.OO8900

5 -21.098900 -. 000002 -21.098900

7 -21.098900 .000002 -21.038900

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L .334549 .591236 .925785

2R -. 334549 .591236 .256688

4L 1.285131 -. 306014 .89911B

4R 1.285131 .386014 1.671145

6L -. 334549 -. 591236 -. 925785

6R .334549 -. 591236 -. 256688

POINT LOCATIONS OF COMPUTED STRESSES

+Y
I
I

I

I 2L I 2R 3
xxZxxxxxxxxxxxxxxx•xx

x
x
x
x
x
x

------------ ------i-- LX 4R
x
x
x
x
x
x
x

xKIxIxKxIKxKKKxKIXxx
5 61 6R 7
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"TORSION" PROGRAM INPUT FILE

Problem: 7
Beam Selected: W6x15

End Conditions: Fixed-Free

'W-FLANGE' 'W6x15'
4.43 0.23 0.26
5.99 5.99
9.32 3.11
29.1 9.72
0.10 29000.0 11200.0
42.0
3
0.0 12.6 42.0
0.0 0.0 0.0
-40.0 0.0 0.0
'FIX-FRE'
1

12.6 0.0 0.0 0.0 40.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0
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INPUT DATA PROBLEM 7

WIDE FLANGE SECTION WGX15

AREA: 4.4300 THW: .2300 THF: .2600

IN: 9.3200 SY: 3.1100 IZ: 29.1000 SZ: 9.7200 ZD: 5.9900

3: .1000 CW.: 76.4455 WNI: 8.5807
SW2: 3.3409 E: 29000.0000 6: 11200.0000

GY2: 2.1453 0Y4: 5.3222 QZ2: 1.1644

LENGTH: 42.0000

SECTIONS WHERE STRESSES ARE TO BE CHECKED

.0000

12.6000

I 42.0000

I
I

I
I
I
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I

LEFT END FORCES

I FX: .0000 FY: .0000 FZ: .0000

MX: -40.0000 MY: .0000 MZ: .0000I:
I SET OF APPLIED CONCENTRATED LOADS ARE AT 12.6O INCHES FROM LEFT END

Fl: .0000 FY: .0000 FZ; .0000

MX: 40.0000 MY: .0000 MZ: .0000

I JNIFORM LOAD ON MEMBER IN Y-DIR

WY: .0000 LAY: .0000 LDY: .0000I.
UNIFORM LOAD ON MEMBER IN Z-DIR

I WZ: .0000 LAZ: .0000 LBZl .0000

UNVFORHLY OITRIBUrEO TORSIONAL LOA6 IS

WX: .0000 LX: .0000

I MEMBER END CONDITIONS ARE FIX-FRE

II
I
I

I C-6 0



DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINAIION IS .0000

SFY : .0000 SFZ : .0000

SHY2 = .0000 SHY4 : .0000

SHZ2 : .0000

BMY = .0000 BMZ = .0000
BSYI : .0000 BSZI = .0000

AXSTR = .0000

TORSION MOMENT : 40.0000 LOCATION 12.6000
PHI= .OOOOOE+00 PHIl: .OOOOOE+00 PHI2= .20651E-03 PHI3: -. 18043E-04

TOR. SHR. WEB = .000000 fOR. SHR. FLANGE = .000000
WARP. SHR. STR. = 6.723516 WARP. NOR. SIR. = 51.387050

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB = .000000 TOR. SHR. FLANGE = .000000
WARP. S IR. =TR, : 6.723516 WARP. NOR. STR, 51.387050
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NORMAL S7RESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

- .---000 -51.387050 -51.3-7050

3 .000000 51.307050 51.387050

5 .000000 51.387050 51.387050

7 .000000 -51.387050 -51.387050

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L .000000 6.723516 6.7235-6

2R .000000 6.723516 6.723516

4L .000000 .000000 .000000

4R .000000 .000000 .000000

4L .000000 -6.723516 -6.723516

6R .000000 -6.723516 -6.723516

POINT LOCATIONS OF COMPUTED STRESSES

+Y
I

I 2L 1 2R 3
XXIXXXXXXHXXXXXXXXIX

x
x
x
x

x
x

-Z(-- ------ 4L-X 4R
x
x

V

x
x
x

5 6L 6R 7
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EIAMINATION IS 12.6000

SFY : .0000' SFZ : .0000

SHY2 = .0000 SHY4 : .0000
SHZ2 = .0000

BMY : .0000 DMZ : .0000
BSYI = .0000 8SZI = .0000

AXSTR = .0000

TORSION MOMENT = 40.0000 LOCATION 12.6000
PHI= .10463E-01 PHIl= .11951E-02 PHI2= -. 15550E-04 PHI3= -. 17439E-04

TOR. SHR. WEB S 3.078450 TOR. SHR. FLANGE 3.479986
WARP. SHR. STR. 6.498538 WARP. NOR. STR. -3.869450

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB 3.078450 TOR. SHR. FLANGE = 3.479986
WARP. SHR. STR. 6.498538 WARP. NOR. STR. -3.869450
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED SiRESS

1 .000000 3.869450 3.869450

3 .000000 -3.869450 -3.869450

5 .000000 -3.869450 -3.869450

7 .000000 3.869450 3.869450

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L .000000 9.978524 9.978524

2R .000000 9.978524 9.978524

41 .000000 -3.078450 -3.078450

4R .000000 3.078450 3.078450

64 .000000 -9.978524 -93978524

6R .000000 -9.978524 -9.978524

POINT LOCATIONS OF COMPUTED STRESSES

+Y
I

I

I 2L I 2R 3
xxxxxxxxxxxxxxxxxxxxx

x

x
x
x

--------------41-I 4R
x
x
x
x
x
x
I

5 61 6R 7
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS 42.0000

SFY =0000 SFZ = .0000

SHY2 .0000 SHY4 = .0000
SHZ2 .OC,

BMY .0000 .000Z = ,0O
8SYI .0000 RSZI = .0000

AISTR : .0000

TORSION MOMENT = 40,0000 LOCATION 12.GO00
PHI= .41242E-01 PHIl= .97444E-03 PHI2: .23221E-12 PHI3 .49229E-06

TOR. SHR. WEB = 2.510150 TOR. SHR. FLANGE : 2,837561
WARP. SHR. STR. = -:183446 WARP. NOR. STR. = .000000

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB 2.510150 1OR. SHR. FLANGE = 2.837561
WARP. SHR. STR. -. 193446 WARP. NOR. STR. = .000000
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

- .000000 .000000 .000000

3 .000000 .000000 .000000

5 .000000 .000000 .000000

7 .000000 .000000 .000000

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L .000000 2.-54115 2.654115

2R .000000 2.654115 2.654115

4L .000000 -2.510150 -2.510150

4R .000000 2.510150 2,510150

6L .000000 -2.654115 -2.654115

6R .000000 -2.654115 -2.654115

POINT LOCATIONS OF COMPUTED STRESSES

+Y

I
I

I
I

x
x
x

I 2x

x
x

x
x

I I I XXIX XXII II XIXIXXX

X
x
X

X

I5 GL GR 7 C6

÷Z< .. ......4L-6 6

IX



"TORSION" PROGRAM INPUT FILE

Problem: 8
Beam Selected: W8x67

End Conditions: Fixed-F-ee

'W-FLANGE' 'W8x67'
19.7 0.57 0.935
9.0 8.28
88.6 21.4
272.0 60.4
5.05 29000.0 11200.0
108.0
3
0.0 32.4 108.0
0.0 0.0 0.0
5.4 0.0 0.0
'FIX-FRE'
0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
-0.2 108.0
0.5 32.4

I
I
I
I

-
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I
I

INPUr DATA PROBLEM 8

I WIDE FLANGE SECTION WBX67

I AREA: 11.7000 THW: .5700 TIHF: .9350

IY: 8B.6000 SY: 21.4000 IZ: 272.0000 SZ: GO.4000 ZD: 8.2800

J: 5.0500 CW: 1438.4680 WNI: 16.6945I SW2: 32.3115 E: 29000.0000 G: 11200.0000

QY2: 14.5348 GY4: 34.8409 OZ2: 7.9748

LENGTH: 10B.0000

SECTIONS WHERE STRESSES ARE To BE CHECKED

.0000

32.4000

108.0000
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I
I

LEFT END FORCES

FX: ,0000 FY: .0000 FZ: .0000
Mr: 5.4000 MY: .0000 MZ: .0000I

UNIFORM LOAD ON MEMBER IN Y-DIR

WY: .0000 LAY: .0000 L8Y: .0000

UNIFORM LOAD ON MEMBER IN Z-DIR

WZ: .0000 LAZ: .0000 LBZ: .0000I.
UNIFORMLY DITRIBUTED TORSIONAL LOAD IS

WI: .5000 LX: 32.4000

I MEMBER END CONDITIONS ARE FIX-FRE

II
I
I
I
I

1 c-6 9
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS .0000

SFY = .Dod SFZ = .0000

SHY2 = .0000 SHY4 = .0000

SHZ2 = .0000

BMY = .0000 DMZ .0000
BSYI = .0000 BSZ1 = .0000

AXSIR : .0000

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT : .50000000 ENDING AT 32.40000 FROM LEFT END

PHI= .OOO0E+00 P11Il: ,00O0E*00 PHI2: .43895E-05 PHI3: -.38834E-06

TOR. SHR. WEB = .00000 TOR. SHR. FLANGE = .000000

WARP. SHR. SITR. = .3818 WARP. NOR.-SR, = 2.125153

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB = .000000 TOR. SHR. FLANGE z .000000
WARP. SHR. STR, = .389180 WARP. NOR. STR. = 2.125153
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS - -----

1 .000000 -2.125153 -2.125153

3 .000000 2.125153 2.125153

5 .000000 2.125153 2.125153

7 .000000 -2,125153 -2.125153

I-
SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L .000000 .3-9188 .38918-

2R .000000 .389188 .389188

4L .000000 .000000 .000000

4R .000000 .000000 .000000

6L .000000 -.389188 -. 38918B

6R .000000 -. 3 89288 -. 389188

POINT LOCATIONS OF COMPUTED STRESSES

+Y
I
I
I
I

I 2L I 2R 3
XXXXXXXXXXXXXXXIXXxXX

x
x
x
x
x
x
x

--- ---------4L-X 4R

x
x
x
x
x
x

5 6L 6R 7
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS 32.4000

SFY r :0000 SFZ = .0000

SHY2: .0000 SHY4 : .0000
SHZ2 = .0000

BMY = .0000 BHZ = .0000
BSYI = .0000 9SZI : .0000

AXSTR = .0000

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT : .50000000 ENDING AT 32.40000 FROM LEFT END

PHI= .80419E-03 PHIl: .22202E-04 PHI2= -. 81129E-06 PHI3= .30102E-07

TOR. SHR. WEB .141736 TOR. SHR. FLANGE = .232496
WARP. SHR. STR. = -. 030168 WARP. NOR. STR. = -. 392778

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB .141736 TOR. SHR. FLANGE .232496
WARP. SHR. STR. : -. 030168 WARP. NOR. STR. -. 392778
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

- .000000 .392778 .392778

3 .000000 -. 392778 -. 392778

5 .000000 -. 392770 -. 392778

5 .000000 .392778 .392778

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

21 .000000 .202329 .202329

2R .000000 .202329 .202329

41 .000000 -. 141736 -. 141736

4R .000000 .141736 .141736

64 ,000000 -. 202329 -. 202329

6R .000000 -. 202329 -. 202329

POINT LOCATIONS OF COMPUTED STRESSES

+Y

I 2L I 2R 3
XXXIIXXXXXXXXXXXXXXxx

x
x
x
x
x
x
x

1(--------4L1I 4R
x
x
x
x
x

5 6L 6R 7
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNOER EXAMINAIION IS 108.0000

SfY : .0000 SFZ = .0000

SHY2 = .0000 SHY4 = .0000
SHZ2 = .0000

BjY = .0000 bMZ = .0000.
BSYI = .0000 8SZI : .0000

AXSTR = .0000

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT .50000000 ENDING AT 32.40000 FROM LEFT END

PHI: .14026E-02 PHIl: .27341E-05 PHI2: -. 13441E-11 PHI3: .37071E-08

TOR. SHR. WEB .017455 TOR. SHR. FLANGE = 02'632
WARP. SHR. STR. : -. 003715 WARP. NOR, STR. = -. 000001

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB : .017455 TOR. SHR. FLANGE : .028632
WARP. SHR. STR. -. 003715 WARP. NOR. STR. = -,00000Q
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NORMAL STRESSES %IKS)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

....... ........
1 .000000 .000001 .000001

i3 .000000 -. 000001 -. 000001

S5 .000000 -. 000001 -. 000001

7 .000000 .000001 .000001SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L .000000 .024917 .024917

2R .000000 .024917 .024917

4L .000000 -. 017455 -. 017455

4R .000000 .017455 .017455

6L .000000 -. 024917 -. 024917

6R .000000 -. 024'317 -. 024917

POINT LOCATIONS OF COMPUTED STRESSES

+Y
I

III x

I

I 1L I 'R 3
XXXXXXXAXXXXXXXXXXIXX

X
x
X
x
X

IZ< --------- 4L-1 4R
x

X
x
X

x

5 6L 6R 7
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"TORSION" PROGRAM INPUT FILE

Problem: 9
Beam Selected: Ci0x2O

End Conditions: Fixed-Free

'CHANNELS' 'Ci0x2O'
5.88 0.379 0.436
10.0 2.739 0..606
2.81 1.32 4.637
78.9 15.8
0.370 29000.0 11200.0
60.0
3
0.0 18.0 60.0
0.0 5.0 0.0
-30.0 0.0 -150.0
'FIX-FRE'
1

18.0 0.0 0.0 0.0 30.0 0.0 0.0
-0.0833 0.0 60.0
0.0 0.0 0.0
0.0 0.0
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INPUT DATA PROBLEM 9 - Part (a)

CHANNEL SECTION CIOX20

AREA: 5.8800 THW: .3790 THF: .4360

lY: 2.B100 SY: 1.3200 SYS: 4.6370
IZ: 78.9000 SZ: 15.8000 ZO: 2.7390

3: .3700 CW: 56.9206 WNI: 8.2423 I•N3: 3.3,94
SW2: 3.0970 SW3: 2.-38M' SW4: -1.1330

E: 29000.0000 G: 11200.0000

0Y2: 4.4472 0Y3: 5.3156 0Y4: 9.6490
0Z2: .9918 0Z3: .95,10

LENGTH: 60.0000

SECTIONS WHERE STRESSES ARE TO BE CHEC:ED

.0000

18.0000

60.0000
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LEFT END FORCES

Fl: .0000 FY: 5.0000 FZ: ,0000
MX: -30.0000 MY: .0000 MZ: -50.O0000

I SET OF APPLIED CONCENTRATED LOADS ARE AT 18.00 INCHES FROM LEFT END

FX: .0000 FY: .0000 FZ: .0000
MX: 30,0000 MY: .0000 MZ: .0000

UNIFORM LOAD ON MEMER IN Y-OIR

WY: -. 0833 LAY: .0000 LBY: 60.0000

UNIFORM LOAD ON MEMBER IN Z-OIR

WZ: .0000 LAZ: .0000 LBZ: .0000

UNIFORMLY DITRIBUTED fORSIONAL LOAD IS

WX: .0000 LX: .0000

MEMBER END CONDITIONS ARE FIX-FRE
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS .0000

SFY -5.0000 SFZ .0000

SHY2 .6464 SHY3 .772G
SHY4 -1.6134
SHZ2 - .0000 SHZ3 .0000

BMY .0000 BNZ 150.0000
1BSYI ,0000 BSY3 z .0000

BSZI : -9.4937 BSZ3 = -?.4937

AXSTR = .0000

TORSION MOMENT : 30.0000 LOCATION 18,0000
PHI= .•O000E+00 PHIl= .O0000E+O0 PHl2= .221630E-K PH!3= -. 10174E-04

TOR. SHR. WEB = .000000 TOR. SHR, FLANGE = .000090
WARP. SHR. STR. AT 2 z 3.743765 NARP. SHR. STR. AT 3 = 2.804202 1ATF, SHR, S, AT 7
WARP. NOR. SrR. AT : 51,701370 WARP, NOR. STR. AT 3 = 24.773460

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB - .000000 TOR. SHR. FLANGE z .0000
WARP. SHR. STR. AT 2 3.743765 WARP. SHR. STR. AT 3 : 2.884202 XAIP, ST. AT 4 1- 5.2.27WARP. NOR. STR. Af 1 51.701370 WARP. NOR, STR. AT 3 : 24.7734G0

I
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NORMAL STRESSES (USD)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

1 -9.493670 51.701370 ,12.207700

3 09,433670 -24.773460 -34.267130

5 9.493670 24.773,1G0 34.267130

1 9.433610 -i.,701310 -12,20100

SHEAR STRESSES 0)(5)

POINT WITHOUT TORS:ON TORSION ONLY COl01NED STRESS

2 .646388 3.743765 1.390153

21 .646388 3.143761 4.310153

3 .772G05 2.,H1202 3.656007

31 .772605 2.824202 3.656807

4 -1.613375 -1650987 -3.23%

4I -1.613371 -1.656387 -3.2,236G

5 -. 772605 -2.G804202 -3.656007

SI -."72605 "2.204202 -3.656907

6 -.6463H -3.7437G5 -4.390153

61 -. 646388 -3.743765 -4.330153

POINT LOCATIONS OF COMPUTED STRESSES

+f
I
I

3 2x I

x1I
32 i

II
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D ISTANCE FROM LEFT END OF MEMBER re SECTION UNIDER EXAMIN•ATION IS 18.00010

SFY = v50 SFZ z .0000

SHY2 z .4525 SHYJ z.408
SHY4 z -1.1294

ISHZ2 r .0000 SH13 = .0000

BMY : .0000 BNZ = 226.5005
BSYI .0000 BSY3 = 0000
BSZI = -14.3355 BSZ3 -!4.2355

II I 11

I TORSION MOMENET : 30.0000 LOCATION N 18.0000

PHI= .190B3E-O1 PHII= .1293BE-02 PHll2= -,62927E-O,', Ph'!= 1KG-.

STOR SHR. WES= 5.422007 TOR. SHR. FLANGE = 6.317H1
WARP. SH3R, S TR , AT 3 = 2.36873B .S., STP. AT 9' 4

WARP. NOR. STR. AT 0 -15.041270 WARP. NOR. STR. AT 3 : -7.207242

ICOMBINED TORSIONAL INDUCED S1RESSES

TOR, SHR. WEB : 5.492007 TOR- SHR FLANGE : 6.51790 !

WARP. SIR. SIR. AT 2 = 3.074SE1 ',A1P. ISHR. STR, -Al i = 2.268K'22.;•.SY.,,•, -. "
WARP. NOR. STR. AT -15.041270 WARP. NOR, SR, AT J -7,207242

IC-81

-1.35823i495
!SR.00



NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION DNLY COMBINED STRESSJ ..... .. .. ..

I J14.335480 -15.041270 -29.376750

3 -14.335480 7.207242 -7.128235

5 14.335480 -7.207242 7.128235

1 14.335480 15.041270 29.376750

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

S2 .452480 9.392661 9,845140

21 .452480 -3.243300 -2.790821

3 .540833 8.686719 9.227552

31 .540833 -3.949212 -3.408410

4 -1.129382 -6.854500 -7.983881
41 -1.123382 4.123514 3.000132

5 -. 540833 -8.626719 -9.227552

5! -. 540833 3,949242 3.408410

6 -. 452480 -9.392661 -9.045140
61 -. 452480 3.243300 2.730821

POINT LOCATIONS OF COMPUTED STRESSES

+Y
I
I
I
I32

x X I

x I
x Ix I
x X I

-4-1---

I

Av
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS 60.000

SFY -. 0002 SFZ = .0000

SHY2 : .0000 SHY3 = ,0000
SHY4 -. 0001
SHZ2 .0000 SHZ3 = .0000

BMY .0000 1MZ : 300.0060
BSYI .0000 BSY3 = .0000
BSZ1 : -18.9877 BSZ3 = -18.3877

AXSIR = .0000

TORSION MOMENT = 30.0000 LOCATION 18.0000
PHI= .44149E-01 PHIl= .31087E-03 P1112: -. 59204E-10 PHI3: .7s042E-06

TOR. SHR. WEB : 1.319572 FOR. SHR, FLANGE = 1.518031
WARP. SHR. STR. AT 2 = -. 160762 WARP. SHR. STR. AT 3 : -,123851 WARP. SU•R ST. AT 4 .07;23'
WARP. NOR. STR. AT I : -. 000014 WARP. NOR. SrR. AT 3 = -. 000007

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB : 1,313572 TOR. SHR. FLANGE : 1.518031
WARP. SHR. STR. A! 2 : -. 160762 WARP. SHR, STR. AT 3 = -. 1213851 W"Ap. Sip, SI. l 4
WARP, NOR. STR. AT 1 : -. 000014 WARP. NOR. STR. AT 3 = -. 000007

3



I NORMAL STRESSES (KSD)

I POINT WI1HOUl 1ORSION TORSION ONLY COMbiNED STRESS - -

I -18.987720 -. 00001.1 -12.987730

1 3 -18.3791720 .006001 -10.987710

5 18.917720 -. 000007 18.987710

I 7 18.307720 .(00014 10.087731)

SHEAR STRESSES (KSI)

POINT WITHOUT IORSION IORSIOGN ONLY COMD.IED SIRESS

I .- ....... .....

2 .000026 1.3572G) 1.357295

I 21 .O000026 -1.6787'32 -1.61866

3 .000031 1.394179 !.394210

I 31 .000031 -1.641882 -1.64182!

4 -.000065 -1.240334 -1.248391

41 -. 000065 1.3908f1 1.3'0747

5 -. 000031 -1.394179 -1.334210

l 51 -.000031 1.641802 1.641891

6 -. 00002G -1.257269 -1.357295

I 61 -. 000026 1.618732 1.679766

POINI LOCATIONS OF COMPUTED STRESSES

Iy
I
I
I
I

32 1

A 

I

I
I I
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INPUT DATA PROBLEM.9 - Part (b)

WIDE FLANGE SECTION W8X67

AREA: 19.7000 THW: .5700 THF: .9350

IY: 88.6000 SY: 21.4000 IZ:. 272.0000 SZ: 60.4000 ZD: 8.2800

J: 5.0500 CW: 1438.4680 WNI: 16.6945
SW2: 32.3115 E: 29000.0000 G: 11200.0000

GY2: 14.5348 OY4: 34.8409 0Z2: 7.9748

LENGTH: 108.0000

SECTIONS WHERE STRESSES ARE TO BE CHECKED

.0000

32,4000

108.O0000

CQ-



LEFT END FORCES

FX: .0000 FY: .0000 FZ: .0000
MI: 5.4000 MY: .0000 MZ: .0000I

UNIFORM LOAD ON MEMBER IN Y-DIR

WY: .0000 LAY: .0000 LSY: .0000

UNIFORM LOAD ON MEMBER IN 2-DIR

WZ: .0000 LAZ: .0000 LBZ: .0000I;
UNIFORMLY DITRIBUTED TORSIONAL LOAD IS

I WX: -. 2000 LX: 108.0000

I
MEMBER END CONDITIONS ARE FIX-FRE

I
I
I
I

I ~C-8 6
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DISTANCE FROM LEFT END OF MEMBER Ta SECTION UNDER EXAMINATION IS .0000

SFY : .'0000 SFZ = ,0000

SHY2 = .0000 SHY4 = .0000
SHZ2 = .0000

BMY = .0000 BMZ = .0000IBSY1 .0000 DSZI : .0000

AXSTR = .0000

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT -. 20000000 ENDING AT 108.00000 F;Om LEFT END

PHI: .OOOOOE+00 PHIl= .O0000E+00 PHI2: -. 10G49E-04 PHI3= .51779E-06

TOR. SHR. WEB = .000000 TOR. SHR. FLANGE = .000000
WARP. SHR. STR. = -.518918 WARP. NOR. STR. = -5.155473

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB = .000000 TOR. SHR. FLANGE = .000000
WARP. SHR. STR. -.518918 WARP. NOR. SIR. -5.155473

C- 7



NORNAL STRESSES (KSI)

POINT WIIhOUT TORSION TORSION ONLY CO-BINED STRESS

1 .000000 5.155473 5.155473

3 .000000 -5.155473 -5.155473

5 .000000 -5.155473 -5.155473

7 .000000 5.155473 5.155473

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L .000000 -. 518918 -. 518918

2R .000000 -. 518918 7.518918

4L .000000 ,000000 .000000

4R .000000 .000000 .000000

6L .000000 .518918 .518918

6R .000000 .518918 .518918

POINT LOCATIONS OF COMPUTED SIRESSES

+Y*I
II

I 2L 1 2R 3
~XXXXXXXXIXXXXXOXXXXXI x

x
xI A

x

x
x
x

I x
x

XXIXXXX1XXXXXXXAXXAXXIxI5 6L 6R 7
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATIONI IS 32.4000

SFY = .,0000 SFZ = .0000

SHY2 = .0000 SHY4 = .0000
SHZ2= .0000

BMY = .0000 BMZ = .0000
BSYI = .0000 BSZI = .0000

AXSTR = .0000

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT -. 20000000 ENDING AT 108.00000 FROM LEFT END

PHI: -. 33640E-02 PHII: -. 15648E-03 PHI2: -. 94979E-OG PHI3: .15029E-06

TOR. SHR, WEB = -. 998990 TOR. SHR, FLANGE = -1.630G95
WARP. SHR. STR. : -. 150G13 WARP. NOR. STR. : -. 459831

I

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB D -. 998990 TOR. SHR. FLANGE -1.638695
WARP. SHR. STR. = -. 150613 WARP. NOR. STR. : -. 459B31

I
I
I

I-CS•



I NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

.000000 .459831 .459831

.000000 -. 459831 -. 459831

I 5 .000000 -. 459831 -. 459831

7 ,000000 .459831 .459B31I
SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L .000000 -1.7B9308 -1.789300

2R .000000 -1.789308 -1.723302

4L .000000 .998990 .99B990

4R .000000 -. 398990 -. 998930

6L .000000 1.789308 1.789308

6R .000000 1,789308 1.78930S

POINT LOCATIONS OF COMPUTED STRESSES

+Y
I
I
I
I

I 2L I 2R 3
xxxxxxxxxxxxxxxxxx•xx

x
x
x
X
x
x
X

+Z( .-------- 4L-X 4R
x

AIx x
x
X

III I XXXXX XXXIXIXXXX
5 6L 6R 7
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I
DISTANCE FROM LEFT END OF MEMBER .O SECTION UNDER E.AMINATION . S I.B,000

SFY .0000 SFZ : .0000

SSHY2 = .0000 SHY4 : .0000
SHZ2 = .0000

BMY .0000 .0000
BSYI .0000 8SZI .0000

I AXSTR : .0000

UNIFORMLY DISTRIBUTED TORSIONAL MOMiENT : -. 20000000 ENDING AT 108.00000 FROM LEFT END

PHI: -. 12769E-01 PHIl: -. 81654E-04 PH12: -. 14733E-09 PHI3= -. 11071E-06

TOR. SHR. WEB : -. 5212B1 TOR. SHR. FLANGE t -. 855084
WARP. SHR. STR. : .110952 WARP. NOR. STR. = -. 000071I

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB : -. 521281 TOR. SHR. FLANGE : -. 855004
WARP. SHR. SIR. : .110952 WARP. NOR. SIR. : -. 000071

I
I
I
I
I
I
I
I
I



NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

... --- -----
1 .000000 .000071 .000071

I 3 .000000 -. 000071 -. 000071

I 5 .000000 -. 000071 -. 000071

7 .000000 .000071 .000071

I SHEAR STRESSES (KSI)

I POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2L .000000 -. 744132 -. 744132

2R .000000 -. 744132 -. 744132

4L .000000 .521261 .521281

4R .000000 -. 521281 -. 521281

6L .000000 .744132 .744132

6R .000000 .74 132 .74t132

POINT LOCATIONS OF COMPUTED STRESSES
I +Y

II

II
I 2L I 2R 3IXXXXXXXXXXXXXIXXXXX

x
x
x

I 7---------4L- 4R

I Av
x
x
x

j5 6L 6 R 7
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" "TORSION" PROGRAM INPUT FILE

I Problem: 10
Beam Selected: C12x3OI End Conditions: Fixed-Free

'CHANNELS' 'C12x30'

8.82 0.51 0.501
12.0 3.17 0.674
5.14 2.06 7.63
162.0 27.0
0.865 29000.0 11200.0
108.0
3
0.0 32.4 108.0
0.0 0.0 0.0
5.4 0.0 0.0
' FIX-FREI 0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.5 32.4
-0.2 108.0

I

C-03



I
I

INPUT DATA PROBLEM 10 - Part (a)

CHANNEL SECTION C12X30

I
AREA: 8.8200 THW: .5100 THIF: .5010

j IY: 5.1400 SY: 2.0600 SYS: 7.6300
IZ: 162.0000 SZ: 27,0000 ZO: 3.1700

3: .8650 CW: 151.2351 WNI: 11.7337 WN3: S.0201
SW2: 6.0047 SW3: 4.9067 S114: -2.4534

E: 29000.0000 6: 11200,0000

IY2: 7.1897 OY3: 8.3967 OY4: 16.8261

OZ2: 1.5606 023: 1.51E

LENGTH: 108.0000

SECTIONS WHERE STRESSES ARE TO BE CHECKED

.0000

32.4000

I 108.0000

IC
I
I

I C9

I

I



LEFI END FORCES

FX: .0000 FY: .0000 FZ: .0000
MX: .4000 MY: .0000 PZ: .0000

UNIFORM LOAD ON MEMBER IN Y-DIR

WY: .0000 LAY: .0000 LOY: .0000

UNIFORM LOAD ON MEMBER IN Z-DIR

WZ: .0000 LAZ: .0000 LOZ: .0000

UNIFORMLY DITRIBUTED TORSIONAL LOAD IS

WX: .5000 LX: 32.4000

MEMBER END CONDITIONS ARE FIX-FRE

C-95



I
DISTANCE FROM LEFT ENO OF MEMBER ro SECTION UNDER EXANINATION IS .0000

SFY .0000 SFZ = .0000

SHY2 .0000 SHY3 : .00 0(1
SHY4 .0000
SHZ2 .0000 SIIZ3 .0000

I OMY .0000 i4Z m .0000
DSYl .0000 ISY3 = .0000
BSZl .0000 5S13 0000

AXSTR .0000I
UNIFORMLY DISTRIBUTED TORSIONAL ,'KMENT .50000000 ENDING AT 1,2.04000 FMD• LE3 END

PHIZ .00)OOE+00 PHI: .o0000Eo0f PHI2: .38240E-04 PHI3: -. 33'137E-05

I"OR. SHR. WEL' - .000000 TOR. SHR. FLANGE = .000000
WARP. SHR. SrR. AT 2 : 1.283057 WARP. SHR. STR. AT 3 : 1.04309G WARP. SHR. STP. AT 4 15231
WARP. NOL. STR. AT I = 13.018•; WARP. 1OR. SiR. AT 3 = J.567,56I
COMBINED TORSIONAL INOUCEO STRESSES

TOR. SHR. WEB = .000000 TOR. SHR. FLANGE = .000000
WARP. SHR. SIR. AT )2 = 1.283857 WARP. SHR. SIR. AT 3 = 1.049096 WARP. SHR. SIR. AT 4 -. 515291
WARP. NOR, STR. AT I : 13.018810 WARP. NOR. SIR. AT 3 = 5.567056

C-96
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NORMAL STRESSES (XSI)

POINT. WITHOUT TORSION TORSION ONLY COMBINED STRESS

1 .000000 13.018810 13.02810

3 .000000 -5.567056 -5.567050

5 .000000 5.56705G 5.567056

7 .00000S -13.010310 -13.018810

SHIEAR STRESSES (KSI)

POINTI T TORSION ONLY COMBINED STRESS

-. 00000 1.283857 I. 283857

21 .000000 1.283857 1.283857

3 .000000 1.049096 1.049096

31 .000000 1.o0o906 !.043036

4 .000000 -.515291 -. 515291

41 .0000)O -. 515291 -. 515291

5 .000000 -I.043096 -1.04906

5I .000000 -1.0490% -1.0430,6

6 .000000 -1.283857 -1.283857

61 .000000 -1.283857 -1.283857

POINI LOCATIONS OF COMPUTED STRESSES

4Y

32 1
xxxxxxxxxx

x I

Al

01
x I

+Z( -------- 4-X---

x
x

0

5 6 7
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DISTANCE FROM LEFt END OF MEMBER TO SECTION UNDER EXAMNINAION IS 32.4000

SFY : .0000 SFZ = .0000

SHY2 : .0000 SHY3 = .0000
SHY4 = .0000
SHZ2 = .0000 5H23 .0000

OMY = .0000 DM= .0000
BSYI = .0000 DSY3 = .0000

9SzI : .0000 BSZ3 : .,000

AXSTR r .0000

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT .50000000 ENDING Al 32.40000 FROM LEFT END

PlI= .64141E-02 PHIl: .158j3'E-03 PHI2: -.7130IE-05 PH13: .3497GE-06

TOR. SHV. YB : .?04409 TOR. SHR. FLANGE = .868528

WARP. SHR. STR. AT 2 : -. 121577 WARP. SHR. STR. AT 3 : -. 099346 WARP. SHR. SIR. AT 4 .0427%

WARP. NOR. STR. AT I : -2.529590 WARP. NOR. STR. AT 3 : -1.081698

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB : .904489 TOR. SHR. FLANGE = .888528

WARP. SHR. STR. AT 2 : -. 121577 WARP. SHR. STR. AT 3 = -. 099346 WARP. SHR. STR. AT 4 .048736

WARP. NOR. STR. Al I = -2.529558 WARP. NOR. SIR. AT 2 : -1.081649
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NORMAL STRESSES (KSI)

POINI . WITHOUT TORSION TORSION OINLY COMBINED STRESS

1 .0000 -2.02929c -2.529598

3 .000000 1.081690 1.08!698

5 .000000 -1.081690 -I.0@I G90

0 .0O0000 2. 52958 2. 529938

SHEAR SIRESSES (KSI)

POINT WITHIOUI TORSION 1ORSIOON ONLY COMBINED SIRESS

2 .000000 .766951 .766951

21 .000000 -1.010104 -1.010104

3 .000000 .789162 .789182

31 .000)00 -.931873 -. 967873

4 .000000 -. C55693 -,55093

41 .000000 .933285 .953285

5 .000000 -.7918,2 -,7B1382

51 .000000 .9818J3 .987873

6 .000000 -.766951 -.766951

61 .000000 l.01014 !.010104

POINT LOCATIONS OF COMPUTED STRESSES

*0
I
I
I

1

32 i

X :
x I [
X I

X I

+Z( -------- 4-X ---

X
x
x
x
x

5 6 7 C-99



DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS 108.0000

SFY : .0000- SFZ = .0000

SHY2 : .0000 SHIY3 .0000
SHY4 = .0000
SHZ2 = .0000 H1 =.10

BMY = .0000 BMZ : .0000
BSYI = .0000 PSY3 ".0000
BSZI : .0000 OSZ3 : .0000

AXSTR = .0000

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT .50000000 ENDINO A1 32.40000 FROX LETT END

PHI= .97777E-02 PHIl= .90644E-05 PHI2: -. 58480E-1 0 }I3: .";.123 -T"

I0R. SHR. WEB ,051776 1OR. SHR. FLANGE = .050362
WARP. SHR. bIf. JUT 2 : -. 006959 WARP. SHR. SrR. AT 3 = -. 005687 W AP. SH•R. STR. AT 4 .:0273
WARP. NOR. STR. AT I -'000020 WARP. NOR. STR. ..T 3 = -. 000009

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR, WEB = .051776 TOR. SHR. FLANGE = .050862
WARP. SHR. STR. AT 2 = -. 006959 WARP. SHR. STR. AT 3 = -. 005687 WARP. SHR. STR. AT 4 . 02793
WARP. NOR. STR. AT I = -. 000020 WARP. NOR. SIR. AT 3 = -. 000009

C-l00



NORMAL STRESSES (TSI)

POINT , WIFIHOUT TORSION IORSI ON ONLY CIOMIEINED STRESS

1 .000000 -,000020 -. 000020

3 .000000 .00000 .000009

5 .000000 -. 000009 -.000009

7 .000000 .000020 .000020

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMPINED STRESS

2 .000000 .043903 .042903

21 .O)O000 ".057822 -. 0ý7822

3 .000000 .045175 .04575

31 .000000 -. 065404

4 ,o0o0o0 -.0OB -.

41 . .054569 .054563

5 .000000 -. 045175 -. 045115

51 .000000 .056549 .05654*3

6 .000000 -. 043903 -. 043903

61 .000000 .057822 .057822

POINT LOCATIONS OF COMPUTED STRESSES

+Y

3 2 1

xI
I

XI
XI

32 I
XI
01

-----4-1 ---

0
xI
I

I

5 6 7
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INPUT DATA PROBLEM:,10 " Part (b)

CHANNEL SECTION C12X30

AREA: 8.8200 THW: .5100 THF: .5010

IY: 5.1400 SY: 2.0600 SYS: 7,6300
IZ: 162.0000 SZ: 27.0000 ZD: 3.1700

J: .8650 CW: 151.2351 WNI: 11.7397 5N3: C-201
SW2: 6.0047 SW3: .4.9067 S14: -2.4534

E: 29000.0000 G: 11200,0000

8Y2: 7.1897 DY3: 8.3967 GY4: 16.8261
OZ2: 1.5606 023: 1.5166

LENGTH: 108.0000

SECTIONS WHERE STRESSES ARE TO BE CHECYED

.0000

32.4000

108.0000

C-1 02



LEFT END FORCES

Fx: .0000 FY: .0000 FZ: .0000
MI: 5.4000 MY: .0000 mZ: .0000

UNIFORM LOAD ON MEMBER IN Y-DIR

WY: .,0000 LAY: .0000 LOY: .0000

UNIFORM LOAD ON MEMBER IN 2-DIR

WI: .0000 LAZ: .0000 LRZ: .0000

UNIFORMLY DITRIBUTED TORSIONAL LOAD IS

WY: -. 2000 LX: 108.0000

MEMBER END CONDITIONS ARE FIX-FRE

C-I03



DIST,;NCE FROM LEFT ENO OF MEMBER TO SECTION UNDER EXAMINIATION' iS .0000

SFY = .0000 SF2 = 0000

SHY2 = .0000 S}(Y3 = .0000
SHY4 = .0000
SHZ2 = .0000 5U23 .0000

BMY = .0000 9mZ = 00'0
BSYI = .0000 BSYO = 0000
BSZI = .0000 8SZ3 = .0000

AISIR m .0000

UNIFORMLY DISTRIBUTED TORS:ONAL MOMENT -. 2000000 )iDINIG AT 10.0000 F2 0 0T -E T

PHI= .OOOOOE+00 PHI!: .00000E+00 PHI2: -. 84394E-04 HKS: .42-r3R

TOR. SHR. WEB = .000000 TOR. SHR. FLANGE = .c0000o
WARP. SHR. STR. AT 2 = -1.711809 WARP. SHR. STR. AT 3 : -l.3?8735 •ApP. ST. 3T. AT .
WARP. NOR. STR. AT I z -28.731930 WARP. NOR. STR. AT 3 = -!2.286250

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB = .000000 TOR. SHR. FLANGE .000000
WARP. SHR. STR. AT 2 : -1.711801 WARP. SHR. STR. AT 3 -1.3987'3 5 AP. V. 3>. 4T 4 .03700
WARP. NOR. STR. AT I = -22.731930 WARP. NOR. STR. AT 3 -12.286250
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED S7RESS

1 .000000 -TR.73:930 -28.731930

3 .000000 12.28620 12.2F62i0

5 .('0000C -:2. 2B6210 -!2.226250

7 .00000 28.731 39 20.731330

SPEAR STRESSES ():SI)

POINT WiTHIOUT Tps: T,! CKLY s S

2 ,O000"0 1I. I'B` 7 -1.7118i'

21 .000(00 I1*; "

3 000-.000

3! .000000 -! .33O73• -I .3C •7')

4 .0000 . 697055 S (3

41 .000000 6870ý5

5 .000000 1.3975 5

51 .000000 1.398715 1.398795

6 .000000 1.711209 1.711I09

61 .000000 1.71100?

POINT LOCATIONS OF COMPUTED STRESSES

+Y

3,

TI
xI
TI
XI

I I
II

--------.. 41X -

x

AI
x

00000 XXXIX

56 6
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS 32.4000

SFY .0000 SFZ = .00)0

SHY2 : .0000 SHY3 z 0000
SHY4 .0000
SHZ2 .0000 SHZ3 = .0000

BMY : .0000 6MZ : .0000
BsyI : .0000 BSY3 = .0000
BSOI : .0000 BSZ3 3 .0000

AXSIR : .0000

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT -,20000000 ENDING AT 102.00000 FROM LE7T END

PHI= -. 24469E-01 PHI!: -. 10860E-02 PHI2= -. 28105E-0i PH[i3= .I0485E-05

TOR. SHR. WEB = -6.203338 TOR. SHR. FLANGE = -6.093867
WARP. SHR. STR. AT 2 = -. 364445 WARP. SHR. STR. AT 3 = -. 297804 WARP. SHR. STF. AT 4 ,140274
WARP. NOR. STR. Al I = -. 956837 WARP. NOR. STR. AT 3 = ;.409159

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB = -6,203338 TOR. SHR. FLANGE : -6.093067
WARP. SHR. STO AT 2 z -. 364445 WARP. SHR. STR. AT 3 r -. 217804 RARP. SHR. STR. AT 4 .146274
WARP. NOR. STR. AT I = -.956837 WARP. NOR. STR. AT 3 = -. 409159
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INORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS - -

1 .000000 -. 50637 -. 956637

I3 .000000 .403153 .4011•3

5 .000000 -. 409159 -.40315i

7 .000000 .i96831 .356837

I SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED SIRESS

----- -----
2 .000000 -6.458312 -6.458312

21 .000000 5.723422 5.129422

3 .000000 -6.391671 -G.391671

31 .000000 5.7J6062 5.796062

4 .000000 6.349612 6.349612

41 .000000 -6.057063 -G.057063

5 .000000 6.391671 6.391671

51 .000000 -5..79602 -. 136,062

G .000000 6.458312 6.458312

61 .000000 -5.723422 -5. 723422

POINT LOCATIONS OF COMPUTED STRESSES

+Y

I
I
I
I

32 I
XIXXX•XXAXX

XI
XI
x I

II

I

S+ --------. 4-X ---

x
X
X

x
x
xxxxxxxxxx C-107
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS 108.0000

SFY = .0000 SFZ= .0000

SHY2 = .0000 SHY3 : .0000
SHY4 = .0000
SHZ2 = .0000 SH?3 = .0000

BMY .0000 8MZ = .0000
BSYI .0000 BSY3 = .0000
BSZI .0000 - BSZ3 = .0000

AXSTR .0000

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT -. 20000000 ENDING AT 108.00000 FROM 'LEFT END

PHI= -. 82194E-01 PHIl= -. 41152E-03 PHI2= -. 80697E-08 PHI3: -.,0302E-0

TOR, SHR. WEB = -2.350590 1OR. SHR. FLANGE = -2,309109
WARP. SHR. STR. AT 2 = .315955 WARP. SHR. STR. AT 3 : .258180 WARP. SHi. STR. AT 4 . 268 12
WARP. NOR. STR. AT I = -. 002747 WARP. NOR. STR. AT 3 = -. 001175

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB z -2.350590 TOR. SHR. FLANGE = -2.309109
WARP. SHR. STR. AT 2 = .315955 WARP. SHR. STR. AT 3 = .258180 WARP. SHR. STR. AT 4 -. 12G6S12
WARP. NOR. STR. AT I = -. 002747 WARP. NOR. STR. AT 3 = -. 001175
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NORMAL SrRESSES (xSi)

POINHT ,WIHOUT TORSION TORSIOON ONLY COMBINED STRESS

1 .000000 -. 002747 -.002747

3 .000000 .001175 .001175

5 .000000 -. 001175 ý.001175

! .000000 .002747 .002717

SHEAR STRESSES O(SI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2 .000000 -1.993155 -1.993155

21 .000000 2.625064 2.625064

3 .000000 -2.050929 -2.050929

31 .000000 2.567290 2.567230

4 .000000 2.223778 2.223778

41 .000000 -2.477403 -2.477403

5 .000000 2.050323 2.050929

51 .000000 -2.567210 -2.567290

6 .000000 1.993155 1,993155

61 .000000 -2.625064 -2.625064

POINT LOCATIONS OF COMPUTED STRESSES

+YII
32 1

XI

XI
XI

112

+Z ....4-0---

I

x' I

I
xI

xI
xI

5 6 7 CI09
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"TORSION" PROGRAM INPUT FILE

Problem: 11
Beam Selected: C5x9

End Conditions: Fixed-Free

- - - - - - - - - - --------------

'CHANNELS' 'C5x9'
2.64 0.325 0.320
5.0 1.885 0.478
0.632 0.45 1.322
8.9 3.56
0.109 29000.0 11200.0
42.0
3
0.0 12.6 42.0
0.0 0.0 0.0
-40.0 0.0 0.0
'FIX-FRE'

1
12.6 0.0 0.0 0.0 40.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0

Y'y

- - - - - - - - - - --------------



INPUT DATA PROBLEM 11

CHANNEL SECTION C5X3

AREA: 2.6400 THW: .3250 THF: ,3200

IY: .6320 SY: .4500 SYS: [.3221)
IZ: B.9000 SZ: 3.5600 ZD: 1.8850

J: .1090 CW: 2.3335 WNI: 2.6502 WN3: 1,3804
SW2: .4802 SW3: .3499 SW4: -/1750

E: 29000.0000 G: 11200.0000

QY2: 1.0536 0Y3: 1.2898 OY4: 2.1796
OZ2: .3167 0Z3: .3008

LENGTH: 42.0000

SECFIONS WHERE STRESSES ARE fO BE CHECKED

.0000

12.6000

42.0000
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LEFH END FORCES

FX: .0000 FY: .0000 FZ: .0000
MX: -40.0000 MY: .0000 HZ: .0000

I SET OF APPLIED CONCENTRAIED LDADS ARE AT 12.60 INCHES FROM LEFT END

FX: .0000 FY: .0000 FZ: .0000
MX: 40,0000 MY: .0000 MZ: .0000

UNIFORM LOAD ON MEMBER IN Y-OIR

WY: .0000 LAY: .0000 LBY: .0000

UNIFORM LOAD ON MEMBER IN Z-DIR

WZ: ,0000 LAZ: .0000 LKZ: .0000

UNIFORMLY OIFRIBUTED TORSIONAL LOAD IS

WX: .0000 LX: .0000

MEMBER ENO CONOI[IONS ARE FIX-FRE

C-i 12



DISTANCE FROM LEFT END OF MIEMBER TO SECTION UNDER EXAMINATION IS .0000

SFY z.0000 SFZ .0000

SHY2 =.0000 02flY .0000
SHY4 =.0000

SHZ2 = .0000 SHZ3 :.0000

O =.0000 .0000
Bsl=.0000 VSY3 :.0000

8521 1 0000 55S,3 z.0000

AXSTR .0000

TORSION MOMENT =40.0000 LOCATION 12.6000
PHI= .OOOOOE+00 PHIl: .OOOOOE+00 PHI2= .30579E-02 PHIl3= -,4?020E-0j

TOR, SHR. WEB : .000000 foR. SHR. FLANGE = .000000
WARP. SHR. STR. AT 2 : 20.464,080 WARP. SUP.. SIR. AT 3 t 14.3117G0 WARP. SUP. STP. AT
WARP, NOR. STR. AT i: 235.019900 WARP, NOR. STR. Ar 3 1-22'.418200

COKB1NED TORSIONAL InDum~ STRiSSES

TOR. SHR. WEB : .000000 fOR. SHR. FLANGE :. 000000
WARP. SHR. STR. AT 2 : 20.464080 WARP. SUP. STR. AT 3 = 14.911760 WARP, SHR. STIR. AT 4 .31 0
WARP. NOR. STR. AT 1 235.019900 WARP. NOR. STR. Ar 3: 122.418200
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

1 .000000 235.019900 235.019900

3 .000000 -122.418200 -122.418200

5 .000000 122.418200 122.418200

7 .000000 -235.013900 -235.019900

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2 .000000 20.4-4080 20.4G4080

21 .000000 20.464080 20.4G4080

3 .000000 14.911760 1420.1760

31 .000000 14.911760 14.911760

34 .000000 -7.341170 -7.341170

41 .000000 -7.341170 -7.341170

5 .000000 -14.9117G0 -14.911760

51 .000000 -14.911760 -14.911760

6 .000000 -20.464080 -20.464080

61 .000000 -20.464080 -20.464080

POINT LOCATIONS OF COMPUTED STRESSES

3 2 1
IxxIxIxIxx
x I
x I
x I
x I

XI
XI

XI

I

II
XI

XIHXIXIIX
5 G 7 C-I14



.. .... .....

SFY .0000 SFZ V000

SHY2 :.0000 SHY3 .0000
SHY4- = 0000
:SH!2 .0000 SHZ3 .0000

emy: .0000 BMZ .0000
=SY .0000 BSY3 .0000

BSZI .0000 BSZ3 :..0000

AISTR .0000

TORSION MOMENT :40.0000 LOCATION 12.6000
PHI! .11695E+00 PHIl:- .99488E-02 PHI2= -. 11897E-02 PH13: -.22743E-03

TOR. SHR. WEB 36.213790 TOR, SHR. FLANGE 35.656660
WARP. StIR. STR. AT 2 14.9!0400 WARP. SHR. SIR. AT 3 : 10.383970 WARP. SPHR. STR. AT 4 -5iI2101
.-,WARP. NOR. STR. AT 1 -91.437760 WARP. NOR. STR. AT 3 -47,628510

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB : 36,213790 TOR. S}{R, FLANGE 35.656660
WARP. StIR. SIR. AT 2 : 14.250400 WARP. SHR. STR. AT 3 : 10.3B3970 WARP. SRR. STR. A7 4 -J.!2107
ýWARP. NOR. STR. AT I1 -91.437760 WARP. NOR. STR. AT 3 -47.628510

C-1 15



NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

1 .000000 -91.437760 -91.4377G0

3 .000000 47.628510 47.628510

5 .000000 -47.G28510 -47.628510

7 .000000 31.437760 91.437160

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2 .000000 49.907050 49.907050

21 .000000 -21.406260 -21.406260

3 .000000 46.040630 46.040G30

31 .000000 -25.272690 -25.272690

4 .000000 -41.325900 -41.325900

41 .000000 31.101690 31.101690

5 .000000 -46.040630 -46.040630

51 .000000 25.272690 25,272690

6 .000000 -49.907050 -49.907050

61 .000000 21.406260 21.406260

POINT LOCATIONS OF COMPUTED STRESSES

3 2 1
xxiixxxIx
x I
x I

x I

i XI

(I I

I

1IXIIIIXIIIX C-1 16
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DISTANCE FROM LEFT END OF MEMBER Ta SECTION UNDER EXAMINATION IS 42.0000

SFY = .0000 SFZ =.0000

SHY2 :.0000 SHY3 =.0000
SJIY4 z.0000
SHZ2 =.0000 SHZ3 :.0000

amy 1 0000 BI1Z .0000

BSYl 1 0000 BSY3 : .0000

BSU : .0000 BSZ3 =.0000

AISTR' .0000

TORSION MOMENT= 40.0000 LOCATION : 12.6000
PHI= .19976E+00 PHIL: .58739E-03 PH12= .18900E.08 PHI3: .84293E-05

TOR. SHR. WEB = 2.138084 TOR. SHR. FLANGE = 2.105191
WARP. SHR. STR. AT 2 : -.366860 WARP. SHR. SIR. AT 3 : -.267323 WARP. SP.". STP. A7 4 2iýý

WARP. NOR. STR. AT I = .000145 WARP. NOR. STR. AT 3 :.000076

COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WES 2.138084 TOR. SHR. FLANGE : 2.105191

*WARP. SHR. STR. AT 2 = -.366860 WARP. SHR. SIR. AT 3 -=672 WA7P SR. R. A

WARP. NOR. STR. Ar I z .000145 WARP. NOR. STR. AT 3 = .000076

C-1 17



NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

1 .000000 .000145 .000145

3 .000000 -. 000076 -. 00C076

5 .000000 .000076 .000076

7 .000000 -. 000145 -. 000145

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2 .000000 1.738331 1.738331

21 .000000 -2.472050 -2.472050

3 .000000 1.037867 1.837867

31 .000000 -2.372514 -2.372514

4 .000000 -2.006479 -2.006479

41 .000000 2.269689 2.269689

S .00tooo -1.227867 -1.337B67

51 .000000 2.372514 2.372514

6 .000000 -1,738331 -1.732332

61 .000000 2.472050 2.472050

POINT LOCATIONS OF COMPUTED STRESSES

+Y

XI

XI
3 2 1

XI
XI

-------- 4-I---
x

5
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"TORSION" PROGRAM INPUT FILE

Problem: 12
Beam Selected: MC18x42

End Conditions: Fixed-Free

'CHANNELS' 'MC18x42'
12.6 0.45 0.625
18.0 3.95 0.877
14.4 4.69 16.42
554.0 61.6
1.23 29000.0 11200.0
192.0
3
0.0 96.0 192.0
0.0 -2.0 0.0
-38.4 0.0 576.0

FFIX-FRE'
2

96.0 0.0 -2.0 0.0 0.0 0.0 0.0
192.0 0.0 4.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.4 96.0
'yI

C-I 19



PROBLEM. 12
INPUT DATA

CHANNEL SECTION MCIJX42

I AREA: 12.6000 THW: .4500 THF: .6250

IY: 14.4000 SY: 4.6900 SYS: 16.4200
IZ: 554.0000 SZ: 61.6000 ZO: 3,9500

h 1.2300 CW: 852.2015 WNI: 21.9871 NN3: 10.3739
SW2: 17.3896 SW3: 13.5185 SW4: -6.7592

E: 29000.0000 8: 11200.0000

OY2: 16.6854 OY3: 20.2256 QY4: 37.2069IZ2: 2.9510 0Z3: 2.8182

LENGTH: 192.0000

SECTIONS NHERE STRESSES ARE TO BE CHECKED

.0000

96.0000

192.0000

C-120



LEFT END FORCES

Fl: .0000 FY: -2.0000 FZ: .0000
N!: -38.4000 MY: .0000 MZ: 576.0000

1 SET OF APPLIED CONCENTRATED LOADS ARE AT 96.00 INCHES FROM LEFT END

FX: .0000 FY: -2.0000 FZ: .0000
MX: .0000 MY: .0000 MZ: .0000

2 SET OF APPLIED CONCENTRATED LOADS ARE AT 192.00 INCHES FROM LEFT ENDI
Fb: .0000 FY: 4.0000 FZ: .0000

. MX: ,0000 MY: .0000 mZ: .0000

UNIFORM LOAD ON MEMBER IN Y-DIR

NY: .0000 LAY: .0000 LBY: .0000

IUNIFORM LOAD ON MEMBER IN Z-DIR

WZ: .0000 LAZ: .0000 LBZ: .0000

UNIFORMLY DITRIBUTED TORSIONAL LOAD IS

N!: .4000 LX: 96.0000

I.
MEMBER END CONDITIONS ARE FIX-FRE

I :.•2,. • '

C-121
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DISTANCE-FROM LEFT-END OF MEMBER TO SECTION UNDER EIAMINATION IS .0000

SFY : 2.0000 SF1 00

SIIY2 = -.0964 SNY3 -.1168
SHY4 .29B5ISHZ2 .0000 SH23 .0000

BMY .0000 811!= -576.0000
B SYI .0000 BSY3 =.0000

I- BSZI 9.3506 BSZ3 %9.3906

AISTR .0000

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT .40000000 ENDING AT 96.00000 FROM LEFT END

IPHI: oOOOOOE+00 PHIl:' OOOOOE+00 PH12:- .39002E-04 P11[3- -* 1553GE-05

TOR. SHR. WEB .000000 TOR. 511R. FLANGE : .000000
WARP. SHR. STR. AT 2 : 1.253714 WARP. SHR. STR. AT 3 .174622 WARP. SHR. STR. AT 4 -.6iss2¶

WARP. NOR. SIR. AT I = 25.378820 WARP. NOR. STR. AT 3 : 11.974170

COMBINED TORSIONAL INDUCED STRESSES

ITOR. SHR. WEB = .000000 T0R. SHR. FLANGE = .000000
WARP. SHR. STR. AT 2 = 1.253714 WARP. SHR. STR. Ar 3 = .974622 WARP. SHR. STR. Ai 4 -.63i6U'l
WARP. NOR. STR. AT I = 25.378820 WARP. NOR. STR. AT 3 = 11.974170
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NOIML STRESSES (KSI)

.. POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

.19.350650 25.378820 34.729470

I : -.
3 -9.350650 -11.974170 -2.623524I. " 5 -9.350650 11.974170 2.623524

7 -9.350650 -25.378820 -34.729470

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2 -. 096378 1.253714 1.157336

I 21 -.096378 1.253714 1.157326

3 -.116826 .974622 .857796

31 -. 11682ý .974622 .857716

4 .298491 -. 676821 -. 378330

41 .298491 -. 676821 -,378330

5 .116826 -. 974622 -. 857796

s5 .116826 -. 974622 -. 857796

6 .096378 -1.253714 -1.157336

61 .096378 -1.253714 -1.157336

POINT LOCATIONS OF COMPUTED STRESSES

+Y

II

3 2 1
fxIIXxxxix

I

XI

2 IXI

XII

XI

I I

I.°
+7( -------- 4-1---

x
x

x

"5 56 7
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DISTANCE FROM LEFT END OF MEMBER TO SECTION UNDER EXAMINATION IS 96.0000

SFY = 2.0000 SFZ : .0000

SHY2 : -. 0964 SHY3 = -. 1168
SHY4 = .2985
SHZ2 a .0000 SHZ3 = .0000

SNY = .0000 8MZ = -768,0000
BSYI = .0000 BSY3 = .0000
BSZI = 12.4675 BSZ3 = 12.4675

AXSTR = .0000

UNIFORMLY DISTRIBUTED TORSIONAL MOMENT .40000000 ENDING AT 9G.00000 FROM LEFT END

PHI= .49015E-01 PHIl= .32272E-03 PH12: -. 74574E-05 PH13: .17989E-OG

TOR. SHR. WEB = 1.626527 TDR. SHR. FLANGE = 2.259065

WARP. SHR. STR. AT 2 = -. 145151 WARP. SHR. STR. AT 3 = -. 112833 WARP. SHR. STR. AT 4 -178360

WARP. NOR. STR. AT I -4.755027 WARP. NOR, SITR. AT 3 : -2.243506

I COMBINED TORSIONAL INDUCED STRESSES

TOR, S1HR. WEB I 1.62E527 TOR. SHR. FLANGE : 2.259065
WARP. SHR. STR. AT 2 = -. 145151 WARP. SHR. STR. AT 3 = -. 112839 WARP. SHR. SFR. AT 4 .078360

WARP. NOR. STR. AT : -4.755027 WARP. NOR. STR. AT 3 -2.243506

C-12
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NORMAL STRESSES (KS!)

POINT WITHOUT TORSION TORSION ONLY COHBINED STRESS

1 12:467530 -4.755027 7.712506

3 12.467530 2.243506 14.711040

5 -12.467530 -2.243506 -14.711040

7 -12.467530 4.755027 -7.712506

-SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

2 -. 096378 2.113914 2.017536

21 -. 096378 -2.404217 -2.500594

3 -. 116B26 2.146226 2.029400

31 -. 116826 -2.371904 -2.488731

4 .298491 -1.548167 -1.249675

41 .298491 1.704887 2.003378

5 .116826 -2.146226 -2,029400

51 .116826 2.371904 2.488731

6 .096378 -2.113914 -2.017536

61 .096378 2.404217 2.500594

POINT LOCATIONS OF COMPUTED STRESSES

+Y

32 1

I
I
I

XI

XI

XI
x I

- I

I
I

XIIIIXIXXXI
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I

I DISTANCE FROM LEFT END' OF MEMBER TO SECTION UNDER EIAMINATION IS 192.0000

SSFY = 4.0000 SFZ = .0000

SHY2 = -. 1928 SHY3 = -. 2337
I SHY4 .5970

SHZ2 .0000 S013 = .0000

I Y- .0000 8MZ = -1152.0000
BSYI .0000 BSY3 = ,0000
BSZI 18.7013 8SZ3 = 18.7013

I AXSTR .0000

IUNIFORMLY DISTRIBUTED TORSIONAL MOH(ENT .40000000 ENDINS AT 96,00000 FROM LEFT END

J PHI= .62313E-01 PHIlm .66205E-04 PHI2: -. 25325E-09 PH13= .36904E-07

TOR. SHR. WEB : .333675 TOR. SHR. FLANGE .,46343B
* .WARP. SHR. STR. AT 2 : -. 029777 WARP. SHR. STR. AT 3 : -. 023148 WARP. SHR. STR. AT 4 .01601

WARP. NOR. STR. AT 1 -.000161 WARP. NOR. SIR. AT 3 = -.000076

I.
COMBINED TORSIONAL INDUCED STRESSES

TOR. SHR. WEB = .333675 TOR. SHR, FLANGE .463438
A'ARP. SHR. SIR. AT 2 = -. 029777 WARP. SHR. STR. AT 3 = -. 023148 WARP. SHR, STR. AT 4 .016075

INOR. STR. AT 1O -. 000161 WARP. NOR. STR. AT 3 -. 000076
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NORMAL STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COMBINED STRESS

1 18.701300 -. 000161 18.701140

3 18.701300 .000076 18.701380

5 -18.701300 -,400076 -18.701380

7 -18.701300 .000161 -18.701140

SHEAR STRESSES (KSI)

POINT WITHOUT TORSION TORSION ONLY COIBINED STRESS

2 -. 192756 .433661 .240905

21 -. 192756 -. 493215 -. 685971

"3 -. 233653 .440289 .206636

31 -. 233653 -. 486586 -. 720239

4 .596982 -. 317600 .279283

41 .596982 .349750 .946733

5 .233653 -. 440299 -. 20G636

S1 .233653 .486586 .720239

6 .192756 -. 433661 -. 240905

61 .192756 .493215 .685971

POINT LOCATIONS OF COMPUTED STRESSES

fY

I
I

XI

XI

x I

+- ..... 4-I---
: I

SI

ti x

S7IXIXCIXX2X
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APPENDIX D

GTSTRUDL INPUT/OUTPUT FILE PRINTOUTS

Problem No. Beam Selected End Conditions

I W14xlC. Fixed-Free

2 W14x1 9 Pinned-Fixed

3 W12x7.. Pinned-Pinned

4 W14xý. Fixed-Fixed

5 W8x% Fixed-Free

6 WlOx4S Fixed-Free

7 W6x15 Fixed-Free

8 W8x67 Fixed-Free

9 C1Ox2C Fixed-Free

10 C12x,) Fixed-Free

11 C5x Fixed-free

12 MC1dy Fixed-Free

D- I



"GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT

Problem: 1

Beam Selected: W14x109
End Conditions: Fixed-Free

Analyses ta r n at 3 Locations:

Locatiot. : 0 inches
Location c: 210 inches
Location 3: 300.'inches

5]

>> • >;" > .50 ,&-N"2~ ~ ~~~ .S j - o"--

0 00

--4 Pt I: ~ lip
Ft. i: Flz,,epiw b £ctýic,

Pt, 3: Web (at Neutral /xi:l
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CTICES/VAE 1.4.1220 asProprietary to the. Georgia TeCit Rosearoit Corporat ion

RESTRICTED RIGHTS LEGEND

Use. duplication, or oisclosure by %meo US Government lu ýuujoct to
,oZ;.ltI pIl 41.. ,1t frthpI up~oaht II !C I of!s; th Rionlts

12112t *wnad by'I.lh C~aola ak loao oroatorITC. oacoh
.S.. ..al.r. up l aton rdlcou. naof ay :oPo",oco cuno

1a 0 ilesa W.rson oCutad by SCTRC or Its authoriDad raproSorntattI-S and
no rIJt tll o Inout herato is conveyed or gruntuc.Fi'or-A -6 riloth
StIandIng reoglpt Or P0SS*SSI'an hereof. Dec~omp~latlon of the obj#Ct Code,
ISS, tr ,ct ,Y pro n at a',

Ceorgia InSt Ituta of3T0Chn~olO~y
A tlin t. Goaorgl 30222 US.A.

C opyrIght [c) CTRC
ALL RIGHTS RESE RVED.

/SYS SAVEICTI STRUOL :GTISTS 101 COB/ IF_ 2.USEROAT .DS/IF_2-CTISTRUOL CTISTS 101 .DS/HODUMP/1 F_3-DYTEM.P .TtP/TEHP0RAtY/ !F_ lCTISTRVOL :NEL
T.DE7pROL IWCRvi63&4/IF I.PLOTFIL.DS/WRITE/ND0LE 0 ,-4~F A i . l to .. ........... *...... *....... ........ ...... ............................................... .... .. ............... ................

C 7 5 f U 0 L "I.
RELEASE DATE9 VE RSION MOD LEVEL COMPLETION NO.

DEEBR 111 lIOIVAX I .. I

50 .. 0 ACTIVEl UNITSI I.ENCTH WEIGHT ANCLI TEMPERATURE TEIME

UNITS RipS INCHES

JOINTo COO:RD luATIS
-A-0A0 0 UPRT:

11 50 C. 0 RE
TYP SPa meAMR
ME-A-R INCIDENCES

" '6*WfVxuyT*.....................................-....-1-1,-1 ... .... ,........................................................................................
1 290 0
C 1"200
MEMBER PROPERTIES TABLE 'STVELW7S'

;I~r~ TCEIWS W4SO

* MEMBE:R LOAD

' FOCE GLODEAL CONC P -S L 2t0

* I MOMENT S GLOBAL UNIFORM W ASt LA 0 LB 210
MEMBER LOAD
I MOMENT X GLOBAL CONC SO L 210

TI.ME 1OR CONSISTENCY CHECKS FOR I MEMB1ER1 0.;04 SEC:ONS
TIM PO BNWIDTH REUCTION 0.0 SECONS
TIME TO CENIERA4 E I ELEMENT STIF. MATRICES 0.01 SECONDS

y .... o~vy*P-l e f--IME o ........ -'T- dk~*....-- -.... --.......................................... ........ ............. ........
TIME TO ASSEMBLE THE STIFFNESS MATRIX 0.04 SECONDS

* TIME TO PROCE$SS 2 JOINTS 0.01 SEC:ONS
TIM TO OVE WIT I PARTITIONE 0.02 SECOD _______________as____________1

IIMETO PRCESS OINT OIIPLAC'EMEHT 0.0 EODTIME TO PROCES:S I EMNTDSORTIONS 0.:01 SECONDS
TIIMEI FOR STATICS CHECK 0.01 SECONDS
OUTPUT BYM MEBE

LIST SECTION STRESSES POSITION ALL MEMBER I SECTION NS 3 0 210 300

PROBLEM -WI4XIO9 TITLE -FIXED-FREE

ACTIVE UNIT$ INCH KIP MAD 01SF SEC

INTERNAL MEMBER RESULTS

DISTACE ................... .ED......................
. t . I'b.......... .............. ... .... ~ .............. .......... ......

.............. ....................................................................

0.000 1 0.00000001 0.0OOOO0OE40O 0.0O000OOC.00 0.0000000O.00o .01&021 E5 6IDEITII
2 0 00000002 - .0224 9891 -0. 1919870 0.0000000E.00 & ,OaRITR9S 6 0 c 93 65
3 o.oooooo 0.oOO.o 0 0000000-T -0oo .O0-T0 04;000I.O _L 0 C jjIý _ 0 i.OIj S

I 000000E00 000000V.0 OOO00 0EO 0-00000000f:00 -C.0&D21C :.C:3CS~
0.0.OOO0P00O0 -0.3349899 -. IYIO 0.000000!00 .0c -1.0c1215

5 0.0000000t.00 0.DODOOOOE0110 0.0000000f.00 O.000oo0o.oI-0 *1.Tc 91 S0 *T1 C S
O o .6606dtt.o0. 1227 .oOOOO a0-~oooc I Ti,..s o 00001c 0coocEo -0006E0 -GO- -60COOC I T

210.000 1 0.0000000F.00 0 0000000T*OO 0.OOTOOTTETT O.00000no00t.T 0OTOT.T 'TQOT'
0.000000EOOC OJ'I!?c 0.lt' OOTOT1CTO.1fc, .

0.0OOO.,~,(O~.~.i .~ccQ[C, ,..,,,,.,... . .",cr.



30.OO* I o.O0000000 ee0 0.0000000@ -00 O.0000000@0E 0...0000000*00 0.0000@00@ @ @0 0.0000000@ *00
2 0.0000000 O 00 0.0000000@ 0 0@0@ 0 .O0@ OOOE@0 O.O0000000@ 00 O.Io0 00OoE.@@ O.@o000000E 00
3 0.0000000I 00 O.0000000@@ O0 O.O000OOOE.O0 0.000 0000-00 O.0@O00000 O0 O.OOO00009tOo

S O.000O000*O0 O..00000000E*O 0.0000000900 O.O000OOOE.OO0 0.00000009-00 0.00000000t.o
S 0.@@@O0C0|*O0 O.8000000I*O0 O.O00OO00EO0 @.O"6oOOEOO @O-OOOOOOI.OO O.OOO.OOOIO07 O.O000000 O0 O.OO000000:t.Oo 0. 0 O..00E*OO O.OOOOOO 0O0000008 O0 "O.OOOooo0e.Oo

7 0.000000O09-00 0.O0000001-00 0.0000000Ee00 0.O0000001-00 0.00000009-00 0.00000009-00

.................................................................................................................................................................................................................................................... ...................................

................................................................................................................................... ............................................... ....................................................................................................
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"GTSTRUDL"INPUT/CUTPUT FILE PRINTOUT

Problem: 2
Beam Selected: W14x159

End Conditions: Pinned-Fixed

Analyses take: at 3 Locations:

Location 1: 0 inches
Location 2: 108 inches
Location 3: 432 inches

IK

N

0

Pt, 3: Web (?t Neu'r' l ,Ax•s
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ETJCEE/¥VA 1.4.121 o* Propriet6ry tO the Georgia Teoh ReOserch Corporation

RESTRICTED RIGHTS LEGEND

US. duplication. or diSClosure Uy the US Governmunt is S•uJLct io
restrictions as Sct forth In Subparagraph N CI (I) 111) of the RIOhIS

In Tic0hnicEa Date and Computer Software clause at OFARS 2S2.22T77012.

Secrets owned by thn Gooroi0 Tech Rese.rcn Corporation IGTRC). NO aCceSS,

us.. transfer. ouplication or disclosure thereof may tic made except urndor

a ,ionh qro..o osni I&.OCUt'ct, y GCTC Or ,tS . t....rilI roProtc...t.V*S M-.
no riaht, hetie or %or s convoyed or a.r.n t= h;irgln loiciti""

sanaln0 receipt or possass)on heroof. Occomhplation of the otlijcx CFii
iS Strictly prolibitod.

Geor i. InSt itute of Toch " 1o o 0y

At 1.nS Goor a. 30332 U.S.A.

Copyr-OI lu) GIRC
ALL CIGHTS NESERVED.

/STS SAV1*GTI STRUOL:CTISTYIOI.COB/IFe TUSERDAT.S/IECTI.STtLLCT TTOI.s/VODUMP/1'3.DY!EI,.f/TfviRt.T/?- SCT' O•*EL

T.0S7POOL INCO.IN324/IP 7-PLOTPIL.DS/WRITE/HOL[ O--
*~t~*i ~ PrIO. .. .. . .. . ..............

c' T9 T R U D L
RELEASE DATE TERSION MOO LEVEL COMPLFTION NO.
DECENMER Iot SIOIVAX IT3I

.... ACTIVE JNJTS " LENCTH WEICHT ANCLE TEMPERATURE TIME
s... ASSUMED TO .E INCH PtUN0 L AOIAN FAt.REKiEIT SECOaWa

UcITS RIPS INCHES
JOINT COORDINATES"A' 0 0 0 SUPPORT_____________'1 4N2 0 0 SUPPORT

TYPE SPACE PRAM!
MEMIER iNCIDENCES

I.J 6 1 m - .. .. . . . . .. . . . . .. .. . . . . . .' ",.......... .. ........... ...... ....... . . .. . . ........................................... ........... ...... . .. .

"A' MOMENT Y MOMENT 7
C0NSTAMTS
I ISO"O
G I2 O

MEMOER PROPERTIES TABLE 'STEEL7E
I TABLE "STEEY;iA' "WT4 T .

LOADING I
I 4E bt ON LC6 A.6................. .......... . . . . . . . . ............. ..... .................... .. .............. ..

I FORCE Y GLOBAL CONC P -12 L 108
MoMBEN LOAO
I MOMENT X GLOBAL UNIFORM W .20 LA 0 LB £42
S[TIFrFNESS ANALYSIS

TIME FOR CONSISTENCY CHECKS FOR I MEMBERS 0.13 SECONDS
TIME FOR BANDWIDTH Re0UCTION 0.00 SECONDS
TIME TO GENERATE I ELEMENT STIP. MATRICES 0.04 SECONDS

yI'C_ FE khT CES.....I. 4,eI t .CAIDS ..... 1'2 *S V 0N DS..................

TIME TO ASSEMBLE THE STIP'NESS MATRIX 0.03 SECONDS
TIME TO PROCESS 2 JOINTS 0.07 SECONDS
TIME T0 SOLVE WITH I PARTITIONS 0.01 SECONDS
TI'M TO PROCESS 3 JOINT O| L ACE ENT: 0.00 SCT0IDS
TIME TO PROCESS I ELEMENT DISTORTIONS 0.01 SECONDS
TIME FOR STATICS CHECK 0.01 SECONDS
OUTPUT BY MEMBER

LIST SECTION STRESSES PO:ITION ALL MEMBER I SECTION NS 3 2 100 473

.RE.ULT. OP LATEST ANALYSES.

PROBLEM " W14SISs TITLE PINNEIi-FINED

ACTIVE UNITS INCH KIP RA D 0CEF SEC

INTERNAL MEMBER RESULTS

MEMBER SECTION STNESS

I .STANCE . ... . .. . . .. . . .SRS

. D. ;; AN.. . . . . . . . ...................................... . . T. . . ...... ... . . .................. .......i...... ......

•-* MEMeBE I

. CAOtNC i

0.000 0.o00ooOO oo00 O.O00000EO 0.0ooo0000Yoo0 0 o,0000000!. CYO0'0,0 *Yo C 0YOOO *
* O.o0000ooE*Oo -0.3!TB14S -Y.2I4Td43 0.Y0o01o0o7*TY OOYoC'OYT''C' V Yoo.OYY~r.Y

0 0.,0000001!•O0 O0. 000t 000000- S0 O 0

c .0000000E.o0 0.O000000:0E(t S.SOSVY*Y -.O00CT C.YYO' 667oYYYTI!

S O..OOOOOOEOO -O.35105 00-0.0003 0Y0e00 00000000r00 0 0000!:C V O000000,*ro

O O.OO000OO0 O.0000000E.00 000 .0 :0 00, 0 "lY .0.00•*Y Y 00OOYYYY*00

log 000 10 YoTOooC.or0 0 0T'iOYOYY-0C C.OOYF
T  

COO0 CtfC*
2 0000"00f.00O .,lli -Y,78Y

1 
-S 4OVC O'V Ž1( .?7

V C ~TOOT!*O nCTC~. ~l CC r



422.000 t o.ooo0oo000.', .'o•.o0 0.0o0ooo0[*0o o.oooooooC.0o 2.274103 2.374So3
2 0.O000000(*00 ., •$ 0.1241021 O.O0000000*O0 2,2•4t02 2.274102
4 0.00000000*00 O, T000 O000 0.0000000E.00 0.00000000*00 2.374103 2.374:03
4 O.O0000000*O 0 OcO00000 0 00000000.*00 0.0.0.0000.*0 -2,374:03 .374502

0~~~~~ 'r .00000 0. TI85 0f TI b000 0 011 0

4 O.0000000 *00 0.00000002.0 0,00000000,00 .O00000000*00 -2.272,. o ,2.704303

S0.0000000t.O0 0.4427741 0.00000000O0 O.0000000O00 C.000000OZO0 0.00000000E.0

.......... •........................... ................................................................................................................................................................................................................ ..................................

. . . . . . . . .. . ... .. .. . . . . .... .. . .

• . .. . . ........... • .................................................................................................................................................................. i..................................................................... •................. .......

S. . .. . . . .................................................................. .................................. 2............................................................. ......................................................... ..............................................

)l.....

.. ..........._.. .._ _.. ._.. .. .._.. .. ._ _._.._._ __. . ... . . . . .. . . .. . .. . . . . . .. . .. .. .. .... ... .. .. .. .. .. ... .. .. .. .... ... .. .... .. .. .. .. .. . . . ... . .. . . . ... . .. . .. .. . . .. . . . .. . . ... . . .. . .... . . ... . .



"GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT

Problem: 3
Beam Selected: W12x79

End Conditions: Pinned-Pinned

Analyses taken at 4 Locations:

Location 1: 0 inches
Location 2: 36 inches
Location 3: 25.2 inches
Location 4: 360 inches

I6 360

I0

Pt. 0: Flange Tip
Pt. 1: F1angeIweb COnnectiUn
Pt, 3: get (2t xeulriI 0 :]
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CTICES/VAX 1.4'120 60 Proprietary to the Georgia Tech Research Corporation

RESTRICTED RICGHTS LECEND
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Ilne ; qebn ac eutd by CTRC or its a,.,hor~en rpesnt;ie and

norigT. tit TEC intere J,,, azo is uon-oyed or nraitdhr not.T%..

te"nding receipt or Possession here'af .. Oec P .plttofl oi the object code

Georgia IriStItUto of Technology

Atlanta, Georgia 30332 U.S.A.

Copyright (c) STRC
ALL RIGHTS RESERVED.

/ SYS SAVE OCTISTRUOL CTI STI 101. COB/I F_ lUSEROAT .OS/I F_ 2CTISTRUDL CT ISTO 10i*DS/NODUMP/1f-3-OvTEMP TM/TEMFSAARY/ Ir-4 CT( I-NUOL MEL
T.OS7PO~i. INCM-iN2B4lIF 7-PLOTFIL.OS/WRITE./iiLE 0-4

'ti~iic-w,% Zl...............7ý''Wit **'**.... *...*.....- .. ........... . . . . . . . . .

* ~ C 1 S 1 ftU0 L ...
* RELEASE OAT!U VERS ION MOD LEVEL COMPLETION NO.

OEC9iVEE VV0 OI-lA 1 2931-

*.0ACTIVE UNITS -LENGTH WEIGHT ANGLE TEMPERAATURE TIME
* ASUEDTOSE INH OUD RADIAN FAHR NHEI :ECOND

.. .... .... ........................... .......... ..............................................................

UNITS'KIPS INCHES

* JOINT COORD.INATES

A97 0 0 0 C SUPR

TYPE SPACE PRAM!

'd6 "Ll ...............................................................................................................................................................................................
A MOMENT Y MOMENT S
B4 MOEN .. M Y OMENTZ
CONSTANTS

141MENDERPROPERTIES TABLE S.TIELW'
'A I TLE TELW WI X7

.. ......................................................................... .............. ...................................................................

* MEMBER LOAD
-. I MOMENT X CL OBAL CONC 10 L 28
MENDER LOAD -

MOET LOA. CNC2 L 292

STIFFNESS ANAL:3SIS
TIME FORR CONSIS1TENCY CHECKS FOR I MEMBERS 0.1 EOD
TIMEN1 FOR ANWD T REDUCTI ON 0.0: SEC~OND~S

S ~ 'W*Yb M'*fkct,***i*Kvt~y*f~~i:*iiYK~itl.............1IE''d''6$'"***........................................................................................
TIME TO PROCESS 2 MEMMOIR LOADS 0.11 SECONDS
TIME TO ASSEM IN;tH STIFFNESS MATRIX 0.02 SECONDSI TMe T RCS JOINTS 0.08 SECONDS

TY~ T SOVEWIT IPARTITIONS11.3 0.0 EODTIME TO PROCESS 2 JOINT D.PAEET 0.0 SECONDS
TIME TO PROCESS I ELEMENT DISTORTIONS 0.01 SEccONS
TIME FOR STATICS CHECK 0.01 SECONDS

LIST SECTION STR:ESSES POSITION ALL MEMEER I SECTIDON S 4 0 23 292 3N0

PROBLEM -WI2X7N TITLE PINN2D-PINNEO

ACTIVE UNITS INCH KIP RAD DEEF SEC

.. .................

......................... ............ ....................................................................... ......................................................ttS

. ....................... .. . . . . . . . .. . . . . . . .
. . . ................... .. . .......................... ...... .....

MI ____ I



252.000 1 @.00090000I*00 0.O00000001-00 0.0000ov'l.00 0.@00000001.00 0.00000002-00 0.0090000106.0

2 0.00000009-00 0. 00000009-0!.*00009-00T11I o0.0000002-0 0.000000-000pT b.00000009-00
3 0.00000001.00 0.000006001-0 0.00000009-00 0.00000009-00 0.000000611*06 0.0090000t01*0

T- .006006::o.:o o Doooool0o 6. Qoooooooo 0. oooOwooEr.Uo0- 0.000FO-01*00 0.66000000ZEO0
7 0.0000001.0 0.000000100 0.0.000fO .0 00000.0 0.000000:,*.0 0.00010

.:0:oo ....ooo~o 0.0 0'.0.* 0.00000001.00 oo.oooooO:EOS .00 :0 o~o o1 00 0.0000:0001.00*:0

39.0 0.0000000F.00 0.0000000E.00 0.0000000C.00 0.0000000C.00 0.0000000L.00 0.0000000C.00
2 0.00010 .0.000001 0 0 .000000.0 0.00:000001.00 0.0 000000700 0.0000000l.00

040000000o*Qo* ~ b~b~o .6b :::*o 6W~tb oooooro
0 .0.00. 0!00 0.00000001'00o 0.00000 0*0 0.00 00001-00 0.00000001-00 0.0000000F.00

1 .0.0.:0:00 00 0. 000.000'.*00 0.0000000C.00 0.00000001*00 0000000 0.00000001.00

07 0.oooooo. 0. 0000000100 0,oo00000e-00 0.0000000E.00 0.00000001.00 0.0000000E.00

................................................. ........... ...... ....... ......OOO-0

..............................................

.....................................................................................................................................................................

..................................................................................................................................................................

.. .... .... ..... .... ..... .... .... ..... .... ....... .. ..... .... .... ..... .... ..... .... .... ..... .... ..... .... ..... .... .... ..... .... ..... .... ... ..... .... ..... .... ...



i
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I
I ."GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT

Problem: 4
Beam Selected: W14x9O

End Conditions: Fixed-Fixed

I- Analyses taken at 3 Locations:

Location 1: 0 inches
I Location 2: 240 inches

Location 3: 480 inches

I

-- 2- VNtt IO

' -- - ~ ~~Pt. 1: Flinge/tleb o ,• t o

P", 3: Web (at R~eutrfl Axis)
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is 1 .tIctly Prohibited. ga~hoe~t

Gooo:Ia nostrituto oof Tecflfllooy
Atlan t. C * 0- 320327 U.S.A.

Copyrllnft cdSR
AL!. RICHY EEVS

/SYS SAVE.CTISTRUDL STISTS l0 1 .C0 3/ IF- I * US ERDA7 DS/I F-2- InC TRUt:CI STRO T S 10 01 .DS / N 0SUM / IF_1 IY T EMP . TMP /T fMPO0RA ItY/ 1F_4 - 71 _ST RVUIt. HE 1
T1oS,1.0L IN"CR ,1 31R204IF1* 11 7,LTP1L.,DS/1wA1I TlE/HOI E 0 1 1

.. "AS .:TUC: I 0 1 VERSION MOD LEVEL CSMPLETION NO.
DEEBR 1911- 9IOIVAX 1 7&31

ACTIVE UNITS -LE7CNCN WE I CH ANGLE TEMPERATU7E I I-E

. A.. U.... .......O ...... ....E... INC.. ....O.....N..... ....... ............................. ........I...........S........COND..............I. UNITS KIPS INCHES

!" 11 00 1 : :

"EME LOADxYT**................. . ...........................

,I MOE, 0GOA OS5 4

MEMBER LOAD.

I MOMENT N GLOBAL UNIFORM L .2LA0 L 0

'TFNSS ANAISTIS
it R Ct ISEC CHECS FOR I MEMBERS 0.%z SECONDS
M O BADWIT R1 UTO 0.00 SOCONOSTI ME TO GENERATE I ELEMENT STIF. MATRICES 0. 0 SECND

1Tsht-Yd.#AWC[Ei ... ,.*Yi~em,9'9R*Ltibt**b o -.. ..... 0. 1'S 0NbD.......................
TIE O RCESS 2,JOINTS 0.00 SECOND S

TieTO PROCESS 2 HOIT DISPLACEMENTS 0.00 SECONDS
7 eTO PROCESS I ELEMENT DISTORTIONS_ 0.01 SECONDS ____________________________

L, OR S1TATC. HEKU0OUIST SETO S::TRE!SSES POSITION ALL MEMBER I SECTION NS 20240 460

I. . C EA C . k.......... ................................ .................................................................................. ...................................

MEMBER~ SECTION STRESS

;TNC -/ ;- -HA... TYSC -...................SRS............ .... /
I T POSITION AX AL C 0HEA a' SAR VENNCEOIS RNco NORA

................. ... .....................................:- . .............. *.....:................ ............. ....

LOAD lNC I

..o.. .............. ................ :.... .1 ooo 6 . .... . c . ...... .......c~j ~ ~ . . .ijR.
2 0.OOOOOOOE.O0 -0.91:7:4 -:-S0303:0"0 0-O0O000Of:00 L:7132:-1!'

0.O00000002o 00 0:OOOOOE.0O -0.OOOOOE., oooor.o0 .:1
0: 000oooo0o o. OOE00 0.00000N.0'400 O0000000f.00 37.'2TV

0"000000001*00E00 0.OOOOE0 O.OoOOO1t*O Y.OOOE0 tT2C' 21-1

2 O000:0000E.0O 0.0000000E0*0 0 0000000E-00 0O0GD00"0'0E ' 2tt40-2554
00 000OOOOE00 -2.000000*2 0.t0000000f.00 0.0000000t.OT 02.00,000,40,-02,;0017r

4 0.0000000(:00 0.0000000;::o 0.00:000000*S0 0.0000000r:0,0 -2250542~

0.QO00S0005.00 O.uOOOOQOI.0:0 .0y0
0

000t.UO 0-:00000t~1.0-C -3sL",3trn

C 0.0000000F.00 o.0cooooor0oý o O(100"Co0 o- o



S0.00000001.00 0.114144 O.O800O.) ,00000000E.00 6. 627 6.713217
3 0.00000001-00 0.00000001-00 0.00000COE.00 0.00000001*-00 6.1,J267 C.7132247

1 o.000oo•0o000 0.0000000.100 o::.0000:o00O 0.00:oo00000o -6.1:328 -G.7I22V
$ O,0.0000000 O0 0.16744 0.,802140 0.+00000001O0 -0..|2287 -C.722
I o.00000001ooo o.ooooooo•oo o.ooooooo1.oo 0.00000001.00 -6.71028' -3.11 267

0.00O 0000O0 0 2.1113T2 0.00000 O6 0O 0O0000300E.00 0.0000009E.00 0.0000000E.00

I.

S........................................................................................................................................... ......... ..................................................................... ......................................... ..................... .

I

I

I
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"GTSTRUOL" INPUT/OUTPUT FILE PRINTOUT

Problem: 5
Beam Selected: W8x15

End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 18 inches
Location 3: 60 in.ches

1 '/FT

30 I,-IN

_ Pt. 0: FFlang Tip
rt. 1: ~Flange/eb v onnecticb

Pt1 3: W5b W, hEutral A5il
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"GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT

Problem: 6
Beam Selected: WlOx49

End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 96 inches
Location 3: 192 ifnches

""V
K-IN

0 1

pt. -: Flan8! T I n3 et,I F ng / eb L, onneI ctio

Dt-18e a Nu r l x s

.... ... .r. ... ..



7TS5E~jIRm j.j.,,q is plooppetapV to the SeePjqIa Teok ft*Seaeeh Corporation

1ESTRICTRO RIGHTS LEGEND

Use. stuplitatlen. or disclosure by the US rovornmoralt IS S.bject to
restrictionsZ as Set forth In Subparag~aph IC) I I Iii o the Rig10112
In Technical Date and Computer Software clause at OFARS 2$2.227-1013.

.. . . . .. . . . . .. . . . . .. . . . ... . . . . .................i..an............ ................................
se:roIts.,ol~h by tno Georgia tech Roexeachv Corporation (CTRCI. No accosS.

use tan Per duplication or dlCIOSUre the~reof ~ay Do MA0e *KCSpt undor
* liCense !gemn NC4e by CTRC .r ItS autllorilad ropresanlotilas arid
no ,iht t" l %T; ntseas. %hereto IS conveyed or nrn -dhruf f", atl

riading receIp or poSSeSSi~on hereof. Dec-ipilatien of the obje:t Code

"it' srcly prohitilt'd.

Georgia~ IntiueOf T.ChnalOOV
Aeorgie.InGeorifvUa 20322 U.S.A.

C~pyrfipht [c) CTAC

/SYS SAVETIC- STRUýL CIS IIOICOIIF 1 UEBOT.DS/IF 2.T S~ULCITlIDS1N0VVMP/1F , TU.Il/5IOBRl4CStSLVL

....... ..........I........................................... ...................... ........... .............. r..........

RELEASE DATE VERSION NOD0 LE-VEL- COMPLETION HO.
DEEBR IDI IIOIVAX 1 2513

.NIACTIVE .UNITS,- LENGTH *:.ICiVI ANGLE TMPER AlTUR T hIE

UNITS KIPS'IRCNES
jOINT COORD.INATES

B 0 0 0 RO

TYPE S$PACE FRAME
MEMBE INCIENCES

a 2000

MEMBER PROPERTIES TABLE SEL

TYITTS 0EE , 'W 16 4

t;OAOINtCL01

I FORCE V GLOBAL COlIC P A 1 192
MIMIBER LOAD
t MOMENT S GLOBAL UNIFORM W S5 LA 0 LB It

STIFNESSANALYSIS
TM FO CONSITEC C5 E CKS I MEMBERS O.;S SECONDS

TIEFOR BANDWIDTH REDUCTCI NON iT EOD
TI:ME TO GENERATE I ELEMENT STIr. MATRICES 0..0? SSECOD.S,

I 'tM .irYVI '" y..... A.. d V ......M.B.....0. S C.R . .. .. ..0 .. Ob ....................... ...................... ...... ................

TIME TO ASSEIMBLE TH; STIFFNES1 MeT.lS 0.03 SECONDS
.. TIM .0 PROCESS 2 MONT 0,01 SECDOND

TME TO SOLVE WITH I PARTITIONS 0.02 SECOND
TIETO PROCES 1 ON DI.PL AC"IMEN'TS omoo Sutb1D I

TIEFOR STATICS CHECK 0.02O SECO0NDS
OUTPUT IT MEMBER

LIST SECTION STRESS8S POSITION ALL MEMBER I SECTION NS 320 BE 152

............ L.EST.AN.L.SE...

PROBLEM - 10040 TITLE - rIfED-FREE

ACTIVE UNITS INCH RIP RAO DECF SEC

INTERNAL MEMBE!R RESULTS

MEMIBER SECTIONl STRESS

DISTANCE... ........ ..... .. ........................S.FS. .. ......... .S~~........ ...............V ...... .. VN...... .............. bu

LOADING I

0.000 1 0.0OOO0 E0*OO O.OOOO000E*OO 0,000000OE'Oo 0.0000000t.00 'lOSR4s lT0.SAi45
I O.OOoOOOOEOtO* 0.2921ISS 0.1123304 0.0000000[E00 T!O 04145 *'0.3i14S

0. OO00000E0 6OOOOO000E:00 0.60000000E:00 0.O0OODOOOE:OO IC'.SRIS 0544
O.OOOOOOE*O O.2I~tE .11020000t0 O.:OOO0OOOEO .4431.14

B. 0000 0OE*0 O.OO;OOOOE 00 O0000E O O0000E0O 0.5 404S.44

....... T. . .:o4o,66 o . 0YGAAftR -''66666'bD .....0:0 .ood~o*- o.o6...~o 600 l . .. oo6 C; T

9 g.0 00 a O00oOO0r.OO 0.0000000C.00 O.O*0!)OOOf4OY O-OOOCIOOOE-00T .' TIIC 129 a0 l1tVP
* .0000000F.00 0 1 9.,IT 0. 1210 E-OOTT -7 023r.T .'



7 0.0000000E.00 0 . 290184 0.0000000(*00 0.000000E.00 0. OOOOOOOE-00 0.0000000E.00

152.000 1 0.O000000E.00 0.0000000E.00 O.0000l.OOE*00 0.0000000E.00 0. OOOOOOOrEc.0 V0.OOOOOc.00
2 0.00000009-00 0.S602911 0.34%360E 0.0000000(-00 0.0000000E.00 0.0000000e.00
3 0.00000009.00 0.00000000.00 0,0000000E.00 00000000C6.00 0,O0000000E.00 0.O000000or-00
4 O.OOO00000E.00 O.0000000E.00 000000000.00o 0.0000000F.00 0,0000000E.00 0.00000001.00

osb0.0 o000 F--0 o. eoTiz--TrGi 0 600006.v( 00-0 . 0- 00 -00-f 00- .0 0-0ooco 0r0 1
6 .00000006*00 0.0000000E.00 0o0000006:;00 0.00000000.00 0.00:00:0006:0 O.0000000.0

0.0000000.0 1.219799 0.000000 600 0.000000f 00 0.00 00 000.0 0.0 0 0000.0

)OjoITU ......

.. .. ... . .... ... ... ... . .. . .. . .. . .. . .. ... . .. . .. . .. . .. . .. .. . . . .. . .. . .. . .. . .. . .. . .. . .. ... . .. . .. . .. . . . .. . .. . . . .. .. . .. .. . .. . .. . . . ... . .. . .. . .. . .. ... . .. . .. . .. . .. . .. .



"GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT

Problem: 7
Beam Selected: W6x15

End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 12.6 inches
Location 3: 42 inches

p.
YA40

0 K
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"GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT

Problem: 8
Beam Selected: W8x67

End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 32.4 inches
Location 3: 108 inches

m32.q
IDS

Pt, U: Flange Tip
Pt. i: Fl1 ng/keb nnciion
Pt. 3: Web (at Neutral Axis)
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"GTSTRUOL" INPUT/OUTPUT FILE PRINTOUT

Problem: 9
Beam Selected: C1Ox2O

End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 18 inches
Location 3: 60 inches

I 4, ss~ 4 .. /s ..,• •

I

tt. 0: Flange i;p
1Pt, : Flange (at Neutral Uxi l

Pt 2: Flangeilweb connection
Pt. : Web (at Sear Center)
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"GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT

Problem: 10

Beam Selected: C12x3O
End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 32.4 inches
Location 3: 108 inches

S. --- <<
i*Z Klr-J/• V'

- -321

ft, 0: FHange Tip
_ _ Pt, 1: Flange (at Neutral xisI

Pt. 2: Flange/Web CoInection
Pt. 3: Web (at Shear Center)
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"GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT

Problem: 11
Beam Selected: C5x9

End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 12.6 inches
Location 3: 42. inches

1 Wq 2
II

21_6

P t : F2 12 r, q T
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"GTSTRUDL" INPUT/OUTPUT FILE PRINTOUT

Problem: 12
Beam Selected: MC18x42

End Conditions: Fixed-Free

I Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 96 inches
Location 3: 192.inches

I
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